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INTRODUCTION 


This  report  comprises  the  first  volume  of  the  manual  for 
the  Illiac  III  Arithmetic  Units.   It  corresponds  to  the  introduction 
(Section  l)  and  InternaJ.  Static  Description  (Section  2)  of  the  overall 
outline. 
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CARD    CUL.    NO. 


CCNTENTS 


01-06 
07 

Od-09 
10 

11-0  7 
6d-72 

7  J 
74 
75 

Tt> 

11-60 


tRAteING   NUMaeR 

6L/^K    CR    •«'     IF    ORIGINAL    QF    URAMING    IS    IN    MORKI.-^G    FILE    lAi 

FATFEH     IhAN    IN    DRAFTING. 

IFE     IMTI/LS    AU 

fcL/^K 

DfcbCKlFTlLN    OF    DRAWING 

Tl-,E    CAT£    CF   THE    HCTST  RECENT  VERSION   DF  THE  TTRAWTNG- 

IhC.    CF    i'CMH,    NC.    OF    DAY.    LAST    DiGiT    UF    YEAR) 

BLANK 

I     IF    PRELIA^INAKY    CRAi4  ING    IS 

I    IF    PACKAGING    OF    THE    LCGIC 

SPECIFIED,    bLANK    OTHERWISE, 

1    If    ..IRING    TABLE   FirS"^1  EN" GET^ffATED" FDR  DRA>n7TG7 

BLANK    CTHERtalSE. 

NOT    LEMNEC 


CuMPLEIc,    BLANK    OTHERWISE 
I:T^    THE    DRAWTNGKAS    BEETJ 


NOTE       •DATE'     IS    IHE    LAIE    OF    THE    MOST    RECENT    VERSION    OF    THE    DRAWING. 


ATKINS 
DMNG.    NO. 


OtSCBIPllON 


210- 
21C- 
2iG- 
210- 
21C- 
21C- 
211- 
211- 
211- 
211- 
211- 
211- 
212- 
2  12- 
21^;- 
212- 
21^- 
2  13- 
21i- 


01 
•U2 
Oi 
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lnes  detect 


LOGIC 
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AU 
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AU 
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AU 
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Ao 
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Ao 

Au 

AU 

MU 

AU 
AU 
Au 
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AU 
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Au 
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AL 
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AU 
Ao 
Au 
AU 
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i^ 
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M 
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1.0  Introduction 

1.1  Purpose,  Scope  and  Orgemization  of  the  ManuaJ. 

This  manual  is  a  working  document  for  the  design,  construction, 
checkout,  and  maintenance  of  the  arithmetic  units  for  Illiac  III.   It  is 
an  evolving  dociment  and  will  be  frequently  updated.   Readers  are  encoioraged 
to  notify  the  author  of  errors  or  suggest  clarifications. 

Although  the  manual  is  intended  to  be  essentially  complete  in 
itself  there  are  supporting  documents  available  to  readers  with  special 
interests.  These  are  described  below: 

Detailed  Logic  Drawings  -  Typical  cross  sections  of  logic  are 
shown  in  the  manual^  however,  due  to  their  bulk,  the  detailed  logic  drawings 
are  not  included.   The  originals  of  these  drawings  (see  Drawing  Index  in 
Section  O.O)  are  maintained  by  the  Illiac  III  drafting  section  and  will 
generally  be  available  only  to  those  directly  involved  in  construction, 
checkout,  or  mainteneince. 

Engineering  Manual  -  The  Engineering  Manual  contains  construction 
details  for  all  of  the  printed  circuit  boards  with  which  Illiac  III  is  con- 
structed.  Copies  of  the  logic  diagrams  for  relevant  boards  are  included  in 
the  AU  Manual.   The  Engineering  Manual  is  also  maintained  by  the  Drafting 
Section  and  is  available  on  a  need-to-know  basis. 

DCS  Report  No.  333:  "Design  of  the  Arithmetic  Units  of  Illiac  III: 
Use  of  Redundancy  and  Higher-Radix  Methods",  by  D.  E.  Atkins  -  In  keeping 
with  the  experimental  nature  of  Illiac  III,  the  arithmetic  units  are  intended 
to  be  a  practical  testing  ground  for  recent  theoretical  work  in  computer 
arithmetic.   This  report  is  to  represent  the  more  theoretical  aspects  of  the 
design,  especially  the  use  of  a  redxmdant  number  representation.   The  use 
of  redundancy  is  a  prime  factor  in  obtaining  high-speed  operation.   This 
report  is  readily  available  from  the  Department  of  Computer  Science ,  Mailing 
Center,  Room  222  DCL,  University  of  Illinois,  Urbana,  Illinois  618OI.  The 
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AU  Manual  itself  is  primarily  intended  to  be  a  design  description  as 
opposed  to  a  design  Justification. 

Publication:   "Higher  Radix  Division  Using  Estimates  of  the 
Divisor  and  Partial  Remainders",  by  D.  E.  Atkins  -  This  paper  presents 
the  theoretical  basis  for  the  division  scheme  implemented  in  Illiac  III. 
It  is  published  in  the  IEEE  Transactions  on  Computers,  Vol.  C-IT,  No.  10, 
(October  I968),  pp.  925-93^.   Reprints  are  available  from  the  author,  or 
the  Illiac  III  office,  297  Digital  Computer  Laboratory. 

The  arithmetic  unit  manual  is  divided  into  four  Jaajor  sections: 
an  introduction,  an  internal  static  description,  an  operation  description 
and  a  presentation  of  AU  simulation  programs. 

The  internal  static  description,  Section  2,  begins  by  presenting 
the  blocks  diagram  of  an  arithmetic  unit  and  then  describes  each  sub-system 
of  the  \init.   This  description  is  presented  at  three  levels  of  detail:  first, 
as  a  verbal  function  description;  secondly,  as  a  block  diagram  of  the  sub- 
systems; and  thirdly,  as  a  detailed  view  of  the  actual  logic.  For  most 
sub-systems  only  a  typical  section  of  the  logic  is  shown. 

Likewise  the  operational  description,  Section  3,  is  presented  in 
steps  of  increasing  detail.   Each  order  executed  in  au  AU  is  described  as  a 
sequence  of  sub-operations.   These  sub-operations  are  defined  yerbally  and 
then  with  detailed  flow  charts  and  flow  tables. 

Section  4  is  a  alphabetized  list  of  signal  names  together  with  the 
PL/1  definition. 
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1.2  Conventions 

The  logic  symbols  used  in  this  manxial  conform  to  MIL-STD-806B , 
Graphic  Symbols  for  Logic  Diagrams.   Niimbers  appearing  within  the  symbol 
(if  any)  specify  the  Illiac  III  card  type  as  defined  in  the  Engineering 
Manual . 

Positive  logic  is  used  throughout.   The  symbol,  1,  denotes  a 
logically  true  state  and  corresponds  to  a  nominal  +6  volts.   The  symbol, 
0,  denotes  a  logically  false  state  and  corresponds  to  a  nominal  0  volts. 
Logic  notation  is  defined  below: 


Truth  Table  for 


Function 


AUD 


OR 


Variables  a,  b 

a 

b 

ab 

0 

0 

0 

0 

1 

0 

1 

1 

1 

1 

0 

0 

a.., 

b 

avb 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 

Logic  Symbol 


ab 


avb 


NEGATION  or 
COMPLEMENTATION 
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Function 


NAND 
(Not  AND) 


NOR 
(Not  OR) 


EXCLUSIVE  OR 


EQUIVALENCE 
(Complement  of 

EXCLUSIVE  OR) 


Truth  Table  for 

Variables  a,b 

a   b 

ab 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

a   b 

avb 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

0 

a   b 

a®b 

0 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 

a   b 

aEb 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

Logic  Symbol 


ab 


avb 


(no  specific  symbol) 


(no  specific  symbol) 
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The  arithmetic  unit  has  "been  simulated  using  PL/l.   It  was  found 
that  this  language  is  useful  in  describing  both  struct\ire  of  registers, 
buses,  etc.  and  the  function  of  the  various  control  signals.   The  descrip- 
tion of  each  subsystem  therefore  includes  a  PL/1  description  of  signal 
names  relevant  to  the  structiore.   The  following  conventions  have  been 
adopted: 

1.  Registers  and  buses  are  defined  as  bit  strings.   Example: 
DECLARE  US  BIT  (61^);/*  TRUE  OUTPUTS  OF  US-REGISTER*/ 
DECLARE  USSEL  BIT  (6i+);/*TRUE  OUTPUTS  OF  US-SELECTOR*/. 

2.  Subsections  of  a  register  or  bus  (any  bit  string)  are 
defined  using  the  PL/l  function,  SUBSTR.   The  general 
form  of  calling  is  SUBSTR  (S,  i,  j)  where  S  is  the  name 
of  a  bit  string,  i  is  the  first  position  of  the  substring, 
and  j  is  the  length  of  the  substring.   Example: 

SUBSTR  (US,  1,  32)  is  the  left  half  of  the  US  Register. 
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3.   Signals  which  are  common  across  many  positions  of  a  register, 
selector,  etc.  are  divided  into  sub-signals.  This  is  usually 
done  only  because  of  loading  considerations  but  in  some  cases 
the  sub-signals  will  be  operated  independent  of  each  other. 
Sub-signals  are  designated  in  the  form  <signal  name>  nm,  where 
nm  denotes  that  the  signal  is  common  across  byte  n  through 
byte  m.   If  nm  are  not  given,  then  the  signal  name  is  operative 
across  all  bytes,  0  through  7-   Example: 
LDUSGl  /*LOAD  US-REGISTER  BYTES  0  AND  1  */ 

h.      The  function  of  signal  names  are  defined  as  procedures.   The 
name  of  the  procedure  is  the  name  of  the  signal.   Example: 
LDUSOl:  /*USSEL  BYTES  0-1  TO  US  BYTES  0-1  */  PROCEDURE; 
SUBSTR  (US,  1,  16)  =  SUBSTR  (USSEL,  1,  l6);  END; 
LDUS:   PROCEDURE;  CALL  LDUSOl;  CALL  LDUS23;  CALL  LDUSl+5; 
CALL  LDUS6T;  END; 
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5.  Shifting  is  accomplished  by  use  of  SUBSTR  and  concatenation 
(i!). 

LSL8US:  PROCEDURE ;/*LS  LEFT  8  TO  US  */ 
US  =  SUBSTR  (LS,  9,  56)  ||  '00000000'; 
END; 

6.  The  PL/1  logical  operators  are  as  follows: 
I  IS  OR 

&  IS  AND 
-^  IS  NEGATION 
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1. 3  Brief  Description  of  Interaction  vith  Taxicrlnic  Processors 

The  two  identical  Arithmetic  Units  (AU)  perform  most  of 
the  arithmetic  operations  in  the  ILLIAC  III  system.   Integer  addition 
and  subtraction,  as  well  as  several  iinary  operations  form  exceptions 
and  are  actually  executed  in  the  Taxicrinic  Processors.   (These 
exceptions  are  noted  in  Tahle  1.5-2 

The  prime  responsibility  of  the  Arithmetic  Units  is  the 
high-speed  execution  of  floating  point  arithmetic  operations.   The 
units  also  provide  facilities  for  integer  multiplication  and  division 
and  conversions  from  one  number-type  to  another,  e.g.,  floating 
to  long  fixed. 

As  in  the  case  with  all  other  units  of  the  system,  com- 
munication with  the  processors  is  via  the  Exchange  Net.   The 
Arithmetic  Units  interact  primarily  with  the  Taxicrinic  Processors 
(TP),  although  paths  are  also  available  between  the  AU's  and  the 
I/O  Processor.   The  Exchange  Net  assigns  an  AU  to  a  requesting 
Processor  and  also  returns  the  results  of  an  arithmetic  operation 
to  the  processor  which  initiated  the  operation.   Figure  1.3.1 
illustrates  the  location  of  the  AU's  in  the  overall  system. 

The  following  is  a  general  overview  of  the  operation 
Of  the  Arithmetic  Units  within  the  ILLIAC  III  System.   The 
execution  of  an  arithmetic  instruction  begins  in  a  Taxicrinic 
Processor.   The  operands  are  assumed  to  be  in  the  top  of  the 
Operand  stack  of  the  TP.   When  a  TP  encounters  an  arithmetic 
instruction  (an  instruction  with  the  mnemonic  byte  of  the  form 
10XXXXXXl*it  determines  whether  an  AU  is  required  to  execute  the 
operation.   If  this  is  the  case,  the  TP  places  a  request  with  the 
Exchange  Net,  which  in  turn  locates  and  assigns  an  AU  which  is 
not  in  use.   The  TP  then  sends  the  AU  a  control  byte  containing 
the  instruction  variant  (IV):  add,  subtract,  etc.  and  the  number 
type  (NT):  fixed,  floating,  etc,  together  with  the  operands. 


*The  last  bit  is  a  flag  bit. 
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TAXICRPJIC 


J 


PROCESSORS 


^c ^^^ ^^^ ^^^ 7^^ J^ 


^  ^  ^ 


FC 


>C ^.^ ^S^ ^^^ 7^^ J^ 


sc 


DC 


^  ^  ^ 


FC 

SC 

DC 

^c — ^t »5 ^t >' 7^ 


"^        ^        ^ 


FC 

SC 

DC 

^C ^^^ >. ^5 7^^ 7"- 


\  \ 
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AU 

AU 

J 


T 


lU 
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:i 


1 


PAU 
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Figure  1.3.1  -  Schematic   of  Illiac    III   Computer 
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Since  the  data  paths  through  the  Exchange  Net  are  one 
Word  wide  (U  bytes)  and  since  in  general,  the  operands  consist 
of  more  than  one  full  word,  a  series  of  transmissions  is  required. 
Upon  rapid,  initial  decoding  of  the  instruction  variant  and  nxomber 
type,  the  AU  loads  the  operands  as  received,  a  word  at  a  time,  into 
the  appropriate  registers. 

When  all  operands  have  been  received,  the  TP-AU  path  is 
broken  and  the  AU  proceeds  with  execution  of  the  operation.  When 
the  result  has  been  formed,  the  AU  notifies  the  Exchange  Net, 
which  in  turn  accesses  the  TP  which  initiated  the  AU  operation. 
The  result  is  then  returned,  a  word  at  a  time,  to  the  TP.   If  an 
error  condition  such  as  OVERFLOW  has  occurred,  a  "l"  appears  on 
a  designated  line  in  the  AU  to  TP  control  byte.   The  flags  of  the 
erroneous  result  being  returned  are  set  so  as  to  indicate  the 
nature  of  the  error.   Upon  receiving  the  result,  the  TP  places 
it  in  the  top  of  the  operand  stack  and  continues  to  the  next 
instruction.   The  AU  is  released  and  is  available  for  the 
next  assignment. 

The  expected  execution  time  for  floating  point  (56  bit 
mantissa)  addition,  subtraction,  and  multiplication  is  3-6  ysec. 
and  8-9)Jsec.  for  division. 
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l.U  Arithmetic  Data  Formats 

There  are  four  types  of  arithmetic  data  used  in  Illiac  III.  The 
attributes  of  these  data  are  as  follows: 

Base  =  binary  or  decimal 

Scale  =  fixed  point  or  floating  point 

Mode  =  real 

Precision  =  l6  bit  integer,  or 

32  bit  signed  integer,  or 

56  bit  signed  fraction 

and  7  bit  chracteristic,  or 

14  decimal  digit  signed  integer. 

These  attributes  have  been  combined  to  form  four  different  number 
types  as  described  in  the  remainder  of  this  section. 

Although  not  illustrated  in  the  previous  figures,  a  flag  bit  'is 
associated  with  each  byte  of  the  four  number  types  described.   Operands  used 
in  arithmetic  operations  may  have  flags  set,  and  thus  the  question  arises  as 
to  the  flag  setting  of  an  arithmetic  result.   The  flag  bits  of  numbers  pro- 
duced by  arithmetic  operations  will  have  the  following  significance. 

a)  For  unary  operations  (other  than  number  type  conversions) 
the  flags  of  the  operand  are  unchanged. 

b)  For  operations  with  two  or  more  operands  and  no  error 
conditions,  the  flag  setting  of  the  result  is  the  flag 
setting  of  one  of  the  operands. 

c)  For  comparison  instructions,  the  flags  transmit  the  result 
of  the  comparison  from  the  Arithmetic  Unit  (AU)  to  the 
Taxicrinic  Processor  (T?)  via  the  Exchange  Net  (XN) . 

d)  For  operations  resulting  in  error  conditions,  the  flags 
transmit  the  type  error  condition  from  the  AU  to  the  TP 
via  the  XN. 

The  significance  of  arithmetic  flags  is  described  further  in 
Section  1.5.10. 
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l.U.l   Short  Fixed  Point 

Base  =  binary 
Scale  =  fixed 
Mode  =  real 

Precision  =  l6  bit,  unsigned  integer  if  an  address. 
15  bit,  signed  integer  otherwise. 

A  short  fixed  point  niomber  is  a  half-word  binary  integer  which  is 
treated  as  signed  or  unsigned  depending  upon  its  use.   When  used  as  an  address, 
a  short  fixed  point  number  will  always  be  considered  positive  and  since  all  l6 
bits  may  be  required  to  represent  the  magnitude,  no  sign  bit  is  explicitly 
specified. 

Addition  of  addresses,  as  performed  in  the  pointer  modification 

1  6 
operation  ADDITION,  is  computed  Mod  (2   ) ,  in  effect  allow  implicit  address 

subtraction.   Subtraction  of  addresses,  as  performed  in  the  pointer  modifica- 
tion operation  CONDITIONAL  SUBTRACTION,  is  performed  as  a  two's  comple- 
ment  subtraction,  Mod  2   .   The  results  will  always  be  treated  as  a  positive 
integer. 

Numbers  of  the  short  fixed  point  type  may  also  be  used  for  other 
than  addresses  in  any  of  the  13  arithmetic  operations.   In  this  case,  the 
most  significant  (MS)  bit  will  be  treated  as  a  sign  bit  and  a  negative  number 

will  be  represented  in  two's  complement  form  with  a  sign  bit  of  1.   The  range 

15       IS 
of  these  integers  is  -2  ^  to  +(2  ^  -l)  i.e.,  -32,768  to  +32,76?  and  overflow 

will  be  checked. 


^ 2  bytes  )| 

I      Number  Type  Code  =  GO 


I 


Sign  or 
MS  digit 


J 


Figure  1.^4.1.1  -  Short  Fixed  Point  Format 
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1.U.2   Long  Fixed  Point 

Base  =  binary 

Scale  =  fixed 

Mode  =  real 

Precision  =  31  bit,  signed  integer 

A  long  fixed  point  number  is  a  full-word  signed  integer.   Positive 
numbers  are  represented  in  true  binary  notation  with  a  sign  bit  of  zero. 
Negative  numbers  are  represented  in  two's  complement  notation.   The  range 
of  these  integers  is  -2^^  to  +(2^^  -l),  i.e.,  -2,1^7,1+83,6^8  to 
■^flkj ,U83,6h'J   and  overflow  will  be  checked. 


k 


k   bytas 


r.jgn  bit 


Number  Type  Code  =  01 


Figure  1.4.2.1  -   Long  Fixed  Point  Format 
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1-^.3   Floating  Point 


Base  ^-  binary- 
Scale  =  floating 
Mode  =  real 

Precision  -  56  bit,  signed  fraction 
7  bit  characteristic 

Floating  point  numbers  are  a  double  word  in  length,  subdivided 
as  indicated  below: 


K 


8  bytes 


-Fraction 


Radix  point 
Characteristic 

vSign  of-  fraction 


Number  Type  Code  -   10 


Figure  l.U.3.1  -   Floating  Point  Format 

The  first  bit  ds  the  sign  of  the  fraction.   The  fraction  is  always 
in  true  representation,  i.e.,  the  fraction  of  negative  numbers  is  carried 
in  positive  form.   The  fraction  is  expressed  in  base  I6,  hexadecimal  form 
and  therefore  consists  of  lU  hexadecimal  digits.  In  hexadecimal  represen- 
tation, the   characteristic  represents  the  power  to  which  16  must  be  raised 
to  express  the  true  magnitude  of  the  number.   The  7  bits  of  the  characteristic 
are  treated  as  an  excess  6U  number  with  range  -6k   to  463  corresponding  to 
the  binary  values  0  through  127,  respectively.   The  characteristic  zero, 
for  example,  is  represented  as  1000000. 
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A  floating  point  number  in  main  store  or  produced  as  the  result  of 
a  floating  point  arithmetic  operation  will  always  be  normalized.  For  the 
hexadecimal  representation,  this  means  that  the  fraction  will  have  a  non-zero, 
high-order  hexadecinfial  digit .   This  type  normalization  permits  the  three 
high  order  bits  of  a  normalized  number  to  be  zero.   Normalization  is  not 
programmable. 

Under  the  normalization  described  above,  the  range  covered  by  this 

notation  is  l6~   to  (l  -  l6   )  x  l6  ,  which  is  approximately  '^.h  x   10~ 

75 
to  7 -2  X  10   .   The  binary  representation  of  these  maximum  and  minimum  values 

are  shown  in  Table  1.1+. 3.1. 

A  floating  point  zero  will  be  represented  as  a  number  with  th»  most 
negative,  zero  fraction,  and  positive  sign  as  indicated  in  the  figure  below. 
All  zero  results  will  be  returned  from  the  AU  in  this  form. 


DESCRIPTION     NUMBER 


POWER  OF  16 


CHAR 


FRACTION 


Maximum 
positive 

number 

1.0 

0.5 

Minimum 
positive 
number 

True  zero 


+7.2  x  10'''^  -  (1-16"^  )  X  16^   0    1111111 


1.0  X  10°  St   1/16  X  16"^ 
0.5  X  10°  =i     1/2  X  16° 


5.U  X  10"'''^=  iS""*"  X  16 


-6k 


+0.0 


=  0  X  l6' 


.6U 


0 

1111111 

All  I's 

0 

1000001 

00010... 0 

0 

1000000 

10000... 0 

0 

0000000 

000100 . . . 0 

0 

0000000 

All  O's 

Table  l.U.3.1 


Examples  of  Floating  Point  Representation 
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l.k.k     Decimal 

Base  ■"  decimal 

Scale  =  fixed 

Mode  =  real 

Precision  =  ik   digit,  signed  integer 

The  alphanumeric  representation  of  decimal  digits  uses  the  USASCII 
code  extended  to  eight  bits.   The  high  order  k   bits  are  designated  the 
zone  and  are  0101  for  decimal  digits.   The  low  order  k   bits  are  the  binary 
encoding  0000  -  1001  of  the  digits  0-9  respectively. 

1  byt£ 


r 


°.^.°.^:  I  .  . 


Zone  BCD 


Figure  l.i|.l|.l  -  USASCII  Digit  Tormat 

A  plus  sign  (-;-)  is  represented  as  1011  and  a  minus  sign  (-)  as 
1101  in  the  right,  half  of  the  left-most  byte  of  the  number,  i.e.  in  the  half 
byte  designated  "S"  in  Figure  I.U.I4.2.* 


•Definition  of  USASCII-8  taken  from  IBM  System/360  Principles  of  Operations,  File 
S36O-OI,  Form  A22-6821-T,  P-  150.1. 


8/18/69  Section  l.U.U  -  1/2 


Decimal  operands,  i.e.,  decimal  numbers  to  be  sent  to  an  arithmetic 
unit,  must  be  in  a  packed  or  unzoned  format  with  two  digits  rather  than  one 
digit  per  byte.   A  decimal  number  consists  of  a  double  word  subdivided  into 
BCD  digits  and  a  h   bit  sign  as  shown  below: 


8  bytes 


X   S  Ta'o  BCD  digits  per  byte 

X  =  Not  used  , ^^  ^ 

+  =  1011 

S  =  Sign  -  =  1101 

Figure  l.ii.U.2  Decimal  Number  Format 


1 


1 
1 

1 

1 

1 
1 

1 

1 

1 

1 

1 — 

r"-- 

1 

1 

1 

Number  Type  Code  =  11 


Alphanumeric,  or  zoned  format,  may  be  converted  to  the  above  format 
by  use  of  the  PACK  instruction  of  the  TP. 

The  decimal  number  zero  may  be  either  plus  or  minus,  but  in  either 
case  an  Equal  Zero  (EQ)  indicator  will  be  turned  on  when  it  is  tested  with 
a  Test  Algebraic  (TA)  instruction. 
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1.5  Instructions  Executed  by  Arithmetic  Units 

This  section  describes  the  arithmetic  instructions.   The  arith- 
metic instructions  which  are  executed  in  a  Taxicrinic  Processor  are  in- 
cluded in  Section  2.2.9-  of  the  Programming  Manual.  An  asterisk(*)  by  a  name 
denotes  an  order  which  will  not  be  available  in  the  initial  version  of  the  Illiac 
III  Arithmetic  Units.  Provisions  are  being  made  however  for  their  eventual -incorp- 
oration, either  by  additional  hardware  or  as  programmed  macro-instructions.  The 
following  conventions  are  used  in  this  section. 

a.  "Fixed"  includes  both  short  and  long  fixed  point  format 
unless  otherwise  noted. 

b.  A  indicates  the  location  of  the  Operand  Stack  Pointer  (0SP). 

c.  The  abbreviations  used  for  Indicators  are  as  follows: 

0V  ^   Overflow 

L3  =   Loss  of  Significance 

G'x  "  Greater  Than 

EO  ■-'■   Equal 

LT  -  Less  Than 

FM  ^  Flag  Match 

UN  =  Underflow 

ID  --  Invalid  Decimal  Data 


The  flags  of  results  of  unary  operations  other  than  number 
type  conversions  are  unchanged. 

The  "flag"  convention  for  binary  and  multi-cycle  arithmetic- 
is  of  the  form: 

where  F  -^  'the  flags  of" 

X  =  the  operand  next  to  the  top  operand 

W  -  the  result  produced 

*-  -  "replaced  by" 
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f .  "Flag"  convention  for  the  conversion  instructions  is  of  the  form: 

F'  .  .  -  F   , 

i-j    ra-n 

where  the  flags  within  a  number  type  are  numbered  consecu- 
tively 0,  1,    ...,  7  from  left  to  right. 

F    =  the  mth  through  nth  flag  of  the  original,  unconverted 
m-n 

number . 

F' .  .  =  the  ith  through  jth  flag  of  the  resultant  converted 

■*■  ~  J 
number . 

*-   "replaced  by" 

g.  Note  that  when  an  arithmetic  computational  error  occurs,  the  flag 
setting  of  the  result  is  not  a  copy  of  the  flags  of  the  operand, 
but  is  rather  an  indication  of  the  type  error  which  has  occurred. 
(See  Section  1.5.10). 

Arithmetic  Indicators  include  two  types  of  indicators;  comparison  in- 
icators  and  computational  condition  indicators. 

Since  all  except  fixed  point  comparisons  (CPRA)  are  executed  in  an 
rithmetic  unit,  provisions  have  been  included  to  return  the  results  of  the  com- 
Eurison  (GT,  LT,  EQ,  m)  to  the  Taxicrinic  Processor.   This  transfer  is  accom- 
Lished  by  returning  a  floating  point  zero  with  the  flags  set  to  indicate  the 
ssult  of  the  comparison. 
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i 


When  this  pseudo-result;,  zero,  is  received  by  the  Taxicrinic  Processor, 
the  flags  indicating  the  results  of  the  comparison  set  indicator  flipflops  which 
may  be  tested  by  a  subsequent  instruction.  For  fixed  point  comparisons  and  test 
algebraic  (TA),  both  of  which  are  executed  solely  in  a  taxicrinic  processor,  the 
indicator  flipflops  are  set  directly. 

The  comparison  indicators  are  designated  as  follows: 

EQ  =  Equal  Zero 

GT  -  Greater  Than 
LT  =  Less  Than 
FM  =  Flags  Match 

The  flags  of  a  result  which  set  these  indicators  are  called  comparison 
indicator  flags,  and  are  described  in  Table  1.5.1. 

The  comparison  indicator  flags  are  assigned  as  follows; 

Flag  of  Byte  Number 

GT  5 

EQ  6 

LT  T 

FM  8 

Byte  numbering  is  0  to  7>  left  to  right. 


Table  1.5.2  is  a  summary  of  the  arithmetic  iinit  order  code. 
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TABLE  1.5.1  COMPARISON  INDICATORS 


INDICATOR  AND 
DESCIIPTION 


ORDERS  IN  WHICH 

*PSEUDO  RESULT 

INDICATOR  MAY   OCCUR 

RETURNED  FRCM  AU 

TA 

None 

GT 

=   1 

CPRA 

ZER^ 

TA 

None 

EQ 

=  1 

CPRA 

ZERfb 

TA 

None 

LT 

=  1 

CPRA 

ZER25 

GT  -  Greater  Than 


A  > 

0 

A  > 

P 

Eq  ■ 

-  Equal 

A  - 

0 

A  - 

E 

LT   - 

-   Less 

rhan 

A  < 

0 

A  < 

B 

FM   ■ 

-  Flags 

Match 

Flags  of  A  =^  0,  FM  =  1 

Flags  of  A  /  0,  5M  --  0 

Flags  of  A  =-  Flags  of  3,  M 

Flags  of  A  ^  Flags  of  B,  m 


TA 


OPEA 


None 


FM  =  1 


ZER0 


arithmetic  unit  is  used  only  for  Decimal  and  Floating  CPRA.   TA  is 
^.;cuted  in  the  taxicrinic  processor  for  all  number  types.   In  all  cases 
the  operands  in  the  03  are  not  changed. 
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TABLE  1.5.2  ILLIAC  III  ARITHMETIC  UNIT  ORDER  CODE 


ORDER 

NUMBER  TYPE 

Instruction 

Short 

Long 

Mnemonic 

Variant 

Fixed 

Fixed 

Floating 

Decimal 

(None) 

0000 

« 

« 

» 

tt 

CVL 

0001 

TP 

« 

10 

11 

CVF 

0010 

00 

01 

« 

11 

CVD 

0011 

00 

01 

10 

» 

NEG 

0100 

TP 

TP 

TP 

TP 

ABS 

0101 

TP 

TP 

TP 

TP 

MNS 

0110 

TP 

TP 

TP 

TP 

TA 

0111 

TP 

TP 

TP 

TP 

ADD 

1000 

TP 

TP 

10 

# 

(None) 

1001 

^ 

« 

« 

« 

SUB 

1010 

TP 

TP 

10 

# 

CPRA 

1011 

TP 

TP 

10 

« 

MPY 

1100 

00 

01 

10 

« 

POLY 

1101 

* 

« 

10 

# 

DIV 

1110 

00 

01 

10. 

« 

(None)# 

1111 

if 

« 

« 

« 

*Not  defined.   No  operation  will  take  place. 

TP  -  This  operation  performed  in  Taxicrinic  Processor, 

#  -  IV  =  1111  is  used  to  indicate  the  final  coefficient  in  a  POLY  order. 
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.5.1     Add 


ADD 


10|10     0      Q|NT 


Add  the  top  two  numbers  in  the  0S,  decrement 
the  f)S?   by  CS  (cell  size)  and  load  the  sum 
into  the  new  top  of  stack  position. 
Before  ADD 


B 


After  ADD 


A  +  B 


Flags:   F(A  +  B)  ^  F(A) 
Fixed:        Indicators:   0V  (Executed  in  TP) 
Floating:     Indicators:   0V,  UN,  LS 
♦Decimal:      Indicators:   0V,  ID 


.5.2   Subtract 
SUB 


^      0 

1     0     1      0     N     T 

Subtract  the  top  number  in  0S  from  the 
next-to-top  number,  decrement  the  0SP 
by  'CS  and  place  the  difference  in  the 
new  top  of  stack  position. 
Before  SUB 


B 


After  SUB 


A  -  B 


Flags:   F(A  -  B)  -  F(A) 

Fixed:        Indicators:  0V  (Executed  in  TP) 

Floating:     Indicators:  0V,  UN,  LS 

♦Decimal:      Indicators:  j6v,  ID 


i 
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1.5.3      Multiply 
MPY 


1      0[l     1     0     OiN     Tl 


Fixed: 


Floating: 


* Decimal; 


Multiply  the   next-to-top   number 
(multiplicand)   by  the   top   number 
(multiplier)    in  the  0S. 
Before  MPY 


A 


B 


The  most  significant  part  of  the  product 

(A 

least  significant  part  (A 

the  multiplier.   Cell  size  of  result 

is  twice  CS  of  operands. 

After  MPY 


B)  replaces  the  multiplicand;  the 

B)  replaces 

L 


TFbOTa^ 


^)m^ 


F[A],  F[(A  .  B)_]=  0 


Flags:  F[  (A 
Indicators:  V^ 
The  normalized  result  replaces  the 
multiplicand,  and  the  0SP  is  decre- 
mented by  CS. 
After  MPY 


A 
Flags:   F[A  •  B]  -  F[A] 
Indicators:   0V,  UN 
The  unnormalized  result  replaces  the 
multiplicand,  and  the  0SP  is  decremented 
by  CS.  As  both  operands  and  the  result, 
are  double  words,  the  sum  of  the  number 
of  significant  digits  in  the  operands 
must  be  <  lU  to  prevent  overflow. 


After  MPY 

A  •  B 

A 

Flags:   F[A 

•  B]  *-   F[A] 

Indicators: 

0V,  ID 

*A  double  length  result  is  returned  for  fixed  multiply  so  as  to  permit 
fixed  point  numbers  to  be  interpreted  as  either  a  fraction  or  integer. 
Overflow  of  the  single  length  boundaj^y  is  checked  and  a  flag  is  set 

if  it  occurs,  however,  a  Bogus  Result  interrupt  is  not  generated. 
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1.5.^  Divide 


DIV 


1   0 


1  0  1  N 


Fixed: 


Floating: 


♦Decimal: 


Divide  the  next-to-top  number  (dividend) 
by  the  top  number  (divisor)  in  the  0S. 
Before  DIV 


B 


The  quotient  replaces  the  dividend 
and  the  remainder  replaces  the  divisor. 

"a/B  I  Remain 


After  DIV 


Flags:   F(A/B)  -^   F(A),  F(Remainder)  =  0 
Indicators:   0V 

The  quotient  replaces  the  dividend, 
and  the  0SP  is  decremented  by  CS. 
After  DIV   |  A/B 


Flags:   F(A/B)  *-  F(A),  F(Remainder)  =  0 
Indicators:  0Y,   UN 
The  quotient  replaces  the  dividend 
and  the  remainder  replaces  the  divisor. 
A/B 


After  DIV 


Remain 


A 


Flags:   F(A/B)  *-   F(A),  F(Remainder)  =  0 
Indicators:  ^V,    ID 


Remainder  has  same  sign  as  dividend  (A-Op)  except  zero  is  always  positive. 
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1.5.5  Compare  Algebraically 
CPRA 


10  10  11 


N  T 


Fixed: 

Floating: 
"^'Decimal: 


Compare  algebraically  the  next-to-top 

number  in  0S  with  the  top  number  in  the 

^S.      Set  GT,  LT,  EQ  Indicators. 

Compare  flags  for  match  or  no  match 

and  set  appropriate  indicator. 

Decrement  0SP  by  CS. 

If  A  -  B  >  0,  set  GT 

If  A  -  B  =  0,  set  EQ 

If  A  -  B  <  0,  set  LT 

If  flags  of  A  match  flags  of  B,  set  FM 

Before  CPRA 


B 


After  CPRA 


Flags:   Unchanged 
Indicators:   GT,  LT,  EQ,  FM 

in  TP) 
Indicators:   GT,  LT,  EQ,  FM, 
Indicators:   GT,  LT,  EQ,  FM,  ID,  : 


(Executed 
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1.5.6     Convert   to  Deciti .a^ 
CVD 


1  0  I  0   0  1 


N  T 


Convert  the  specified  number  on  top  of 
0S  into  a  packed  (2  BCD/byte)  double 
word  decimal  number. 


1.5.T 


Short  Fixed: 

Flags:   F'q_^-Fq_^ 

^■2-T  =  ' 
Indicators:   None 

Long  Fixed: 

Flags:   F'q_3-Fo_3 

Indicators:   None 

Floating: 

Flags:   F'q_^-Fq_^ 
Indicators:   OV 

Decimal: 

N0P 

Convert  to 

Floating  Point 

CVF 

10  0   0 

1   0  N  T 

Convert  the  specified  number  at  top  of 
0S  into  a  normalized  floating  point 
number . 


Short  Fixed:   Flags:   F' 


0-1 


0-1 


F'2-7  =  ° 
Indicators:   None 


Long  Fixed:   Flags:   F' 


0-3    0-3 


i 


Floating: 
Decimal: 


^\.i  -  ° 

Indicators:   None 

N0P 

Flags:   F'q_^-Fq_^ 

Indicators:      ID 
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1.5.8   Convert  to  Long  Fixed  Point 

CVL      I  1  0  I  Q  0  0  i|  n" 


Short  Fixed: 


Long  Fixed: 
Floating: 


Decimal: 


Convert  the  specified  number  at  top  of 
0S   into  a  long  fixed  point  number. 
Flags:   F' 


0-1 


F     (Executed  in  the  TP) 


F'    =  0 
^  2-3 


Indicators 
N0P 
Flags:  F' 


None 


0-3 


0-3 


Fi    are  lost 

Indicators:   0V 
Same  as  above 
Indicators:   0V,  ID 
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1.5.9   Polynomial  Evaluation 


POLY 


1  Oil   0  1  N  T 


The  polynomial  of  the  form 
n 


n-1 
a  X  +  a  -.x    + 

n      n-l 


ax  +  a  is  evaluated. 


To  specify  the  polynomial,  the  coefficients 
a^  through  a  are  pushed  into  the  0S  in 

that  order.   The  value  of  x  is  then  pushed 
in  followed  by  the  degree  n,  a  short 
fixed  point  number. 
Before  POLY 


3- 


£■ 


n-l 


After  POLY 


Ans 


*Fixed: 

Floating: 
♦Decimal: 


Flags:   F(Result)  *-  F(X) 
Indicators:  ^Y, 
Indicators:   0V,  UN,  LS 
Indicators:   0V,  LS,  ID 
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1 . 6  Exceptional  Conditions  for  Arithmetic  Instructions 

1.6.1  General 

When  a  computational  condition  such  as  an  overflow  occurs  in  an 
arithmetic  \init ,  this  information  must  be  returned  to  the  taxicrinic 
processor.   As  with  comparison  operations  (Section  1.5.2),  the  flags  of  a 
result  are  used  to  return  this  condition  information,  and  to  set  indicator         | 
flipflops  which  may  be  tested  with  subsequent  instructions.   The  bogus  result 
produced  is  returned  to  the  Taxicrinic  Processor,  not  as  a  copy  of  the  flags 
of  an  operand,  but  rather  as  an  indication  of  the  condition  which  has  occurred. 
The  fact  that  an  error  has  occurred  is  included  with  the  Exchange  Net  trans- 
mission in  the  control  byte. 

The  bogus  result  with  the  appropriate  computational  condition 
flag(s)  set  is  pushed  into  the  0S   as  if  it  were  a  correct  result.   An  interrupt 
then  takes  place  ex:cept  for  an  overflow  tor   fixed  point  multiply.  (See  Sec.  1.5.3  -  1 

For  the  reader  familiar  with  PL/I,  Table  1.6.1.2  describes  the 
analogy  between  the  computational  conditions  of  PL/I*  and  those  implemented 
in  the  hardware  of  Illiac  III.   Although  there  is  not  a  one-to-one  correspond- 
ence between  the  two  versions,  both  yield  approximately  the  same  information 
if  the  instruction  and  nvimber  type  are  known. 

The  following  parts  in  this  section  describe  the  Illiac  III  computa- 
tional condition  indicators  and  illustrate  the  disposition  of  bogus  results. 
The  assignment  of  computational  condition  flags  is  illustrated  for  the 
various  number  types  in  Figure  1.6.1.1.   The  comparison  indicator  flags 
(Section  1.5) are  also  shown  for  the  sake  of  completeness. 


*"IBM  Operating  System/ 360,  PL/I  -  Language  Specifications," 
File  No.  S360-29,  Form  C28-6571-U,  p.  l62. 
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LS  UN  0V  10  GT  EQ  LT  FM 

bd       Nl      M       N       N      M      M         bd 


LS 


M 


^y  ID  GT  EQ  LT 

^     N       N       M      N      1^ 


M 


0V  ID 


T^      M      M      l>^l 


0V  ID 


SIZE 


^       =     Flag  of  Byte    (Bit  #9) 


*    =  Not  Used  in  this  Number  Type 


Figure  1.6.1.1  Flag  Bit  Designation  for  Arithmetic  Indicators 
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Table  1.6.1.2  Correspondence  between  Computational  Conditions 
of  PL/I  and  Those  of  Illiac  III 


ILLIAC  III 


PL/ 1 

Instruction 
Variant 

Number 
Type 

Computational 
Condition  Indicator 

CONVERSION 

CVF 

or  CVL 

Decimal 

Invalid  Decimal  Data 

CVD 

or  CVL 

Floating 

Overflow 

CVL 

Decimal 

Overflow 

FIXEDOVERFLOW 

ADD, 
MPY, 

SUB,  ABS, 
DIV,  POLY 

Long  or 
Short  Fixed 
or  Decimal 

Overflow 

OVERFLOW 

ADD, 

SUB, 

Floating 

Overflow 

MPY,  DIV,  POLY, 


SIZE 


No  hardware  imple- 
mentation. 


UNDERFLOW 


ADD,  SUB,  MPY 
DIV,  POLY 


Floating 


Underflow 


ZERODIVIDE 


DIV 


Any 


Overflow 
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1.6.2  -   OVERFLOW   (OV) 


Table      1.6.2.1  -     OVERFLOW   (OV) 


ORDER  IN  WHICH 
CONDITION  MAY  OCCUR 

DESCRIPTION 
OF  CONDITION 

RESULT  IN 
STACK 

ADD,  SUB 

S.  Fixed 
(also  in  CPRA) 

Magnitude  of  result 
exceeds  (2''"^-l). 

Low  order  16  bits 
of  the  result. 

L.  Fixed 
(also  in  CPRA) 

Magnitude  of  result 
exceeds  (2^-^-1). 

Low  order  32  bits 
of  the  result. 

Floating 

The  exponent  of  the 
normalized  result  exceeds 
63  and  the  result  frac- 
tion is  not  zero. 

Fraction  is  that  computed 
and  correctly  normalized. 
Sign  of  fraction  is  cor- 
rect. Exponent  =  -t63. 

Decimal 

Magnitude  of  result 
exceeds  99999999999999 
(lU,  9's). 

Low  order  ik   digits  of 
the  result. 

MPY,  POLY 

1  S.  Fixed 

Magnitude  of  result 
exceeds  (2''"^-l). 

Full-word  correct  result 
with  OV  flag  set. 
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Table   1.6.2.1   -  Overflow  (OV)  (Continued) 


Order  in  Which 
Condition  May  Occur 


Description  of  Condition 


Resiilt  in  Stack 


L,  Fixed 

Magnitude  of  result 

31 
exceeds  (2   -l). 

Double  word  (integer) 
correct  result  with 
OV  flag  set. 

Floating 

The  exponent  of  the 
normalized  result 
exceeds  63  and  the 
result  fraction  is 
not  zero. 

Fraction  is  that  com- 
puted and  correctly 
normalized.   Sign  of 
fraction  is  correct. 
Exponent  =  -+63. 

Decimal 

Magnitude  of  result 
exceeds  ik,    9's. 

Low  order  lU  digits 
of  the  result. 

DIV 

S.  Fixed 
L.  Fixed 

Division  by  zero. 

Largest  number  represen- 
table .   Sign  of  result  is 
sign  of  dividend.  Re- 
mainder is  0. 

Floating 

Division  by  zero. 

■ 

Fraction  and  exponent  are 
all  I's.   Sign  of  frac- 
tion is  the  sign  of  the 
dividend. 

Decimal 

Division  by  zero. 

Largest  number 
representable. 
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Table  1.6.2.1    -  Overflow  (OV)  (Continued) 


Order  in  Which 
Condition  May  Occur 


Description  of  Condition 


Result  in  Stack 


ABS,  NEG 

S.  Fixed 

Attempt  to  negate  the 
most  negative  number 
representable. 

The  integer  +1. 

CVD 

Floating 

The  magnitude  of  the 
converted  number  ex- 
ceeds the  range  of  the 
new  number  type . 

Result  is  the  converted  * 
number  with  missing  high 
order  digits  which  have 
overflowed. 

CVL 

Floating 
Decimal 

The  magnitude  of  the 
converted  number  ex- 
ceeds the  range  of  the 
new  number  type . 

Result  is  the  converted 
number  with  missing  high 
order  bits  which  have 
overflowed. 

*  This  is  true  only  if  Exponent  of  Floating  Operand  is  £  lU.   Otherwise 
"double"  overflow  occurs  and  error  is  compounded. 


9/18/69 


Section  1.6.2  -  3/3 


1.6.3  Underflow  (ITO) 


Table  1.6.3.1  -   UNDERFLOW  (UN) 


ORDER 

IN  WHICH 

DESCRIPTION 

RESULT  IN 

CONDITION  MAY 

OCCUR 

OF  CONDITION 

STACK 

ADD 

The  exponent  of  the 

Fraction  is  that  com- 

SUB 
MPY 

normalized  result  is 
less  than  -6U  and  the 

puted  and  correctly- 
normalized.   Sign  of 

DIV 

result  fraction  is 

fraction  is  correct. 

POLY 

not  zero. 

Exponent  is  -6U. 

Floating 

Only 
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1.6.U  Invalid  Decimal  Data  (ID) 


Table   I.6.I1.I  -  INVALID  DECIMAL  DATA  (ID) 


ORDER  IN  WHICH 

DESCRIPTION 

RESULT  IN 

CONDITION  MAY  OCCUR 

OF  CONDITION 

STACK 

Any  Decimal  Order 

A  sign  or  digit  code 

Result  is  the  contents  of 

Except  NEG,  ABS, 

of  an  operand  is 

the  AU  accumulator  when 

MNS,  TA. 

incorrect . 

the  decoding  error  was 
detected.   No  ID  check  is 
made  for  unary  operations 
except  CVF  and  CVL. 
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1.6.5  Loss  of  Significance  (LS) 


Table   1.6.5.1  -  LOSS  OF  SIGNIFICANCE  (LS) 


ORDER  IN  WHICH 

DESCRIPTION 

RESULT  IN 

CONDITION  MAY  OCCUR 

OF  CONDITION 

STACK 

ADD 

Fraction  of  result  is 

True  zero  with  LS 

SUB 

0.   Exponent  of  result 

flag  set. 

POLY 

/  -6k.      For  example- 

Floating  Only 

when  two  equal  numbers 
are  subtracted. 
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2.   INTERNAL  STATIC  DESCRIPTION 

2.1  General 

2.1.1  Overall  Block  Diagram 

Figvire  2.1.1.1  is  a  block  diagram  of  an  Illiac  III  arithmetic 
vmit.   The  conventions  used  in  this  figure  eire  as  follows: 

1)  Functional  sub-hlocks  are  denoted  by  rectangles.   Inside 
each  box  is  the  name  of  the  block  followed  by  a  list  of 
the  names  of  signals  which  control  it. 

2)  The  lines  between  boxes  denote  data  buses. 

3)  Selector  signal  names  are  of  the  form  F  X  T,  where 

F  is  the  name  of  the  register  from  which  the  data 
is  transferred. 

X  =  D  if  the  transfer  is  direct ,  i.e.  without  shifting. 
X  =  R  if  the  data  is  shifted  n  places  to  the  right 
during  the  transfer. 

X  =  L  if  the  data  is  shifted  n  places  to  the  left 

n  ^  

during  the  transfer. 

T  =  the  name  of  the  register  to_  which  data  is  transferred. 

h)     A  register  name  standing  alone,  for  example,  UQ,  denotes  the 
true  output  of  all  positions  of  the  register.  A  subsection 
of  a  register  is  specified  in  the  following  form: 
<register  name>  np, 

where  n  is  the  number  of  the  first  byte  (8  bits  per  byte)  of 
the  subsection  and  p  is  the  number  of  the  last  byte  of  the  sub- 
section.  Byte  numbering  is  0  through  7*   Example:  VDUHUT 
means  V-BUS  Direct  to  UH-Register,  bytes  k   through  "J. 

5)  If  R  denotes  the  name  of  a  register,  then  RSEL  denotes  the 
output  of  the  associated  input  selector. 

8/25/69  Section  2.1.1  -  I/5 


6)  If  R  denotes  the  name  of  a  register,  then  LDR  denotes 
the  signal  which  loads  the  output  of  the  associated 
select  into  the  register  flip-flops. 

7)  All  selectors,  registers,  subtracters  and  shift  gates 
are  6k  bits  (8  bytes)  vide,  except  for  the  M-Register 
which  is  56  bits  wide. 


I 


I 
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Table  2.1.1.1  -  Summary  of  the  Sub-Blocks  of  the  Main  Arithmetic  Unit 
Reference:   Figure  2.1.1.1 


Abbreviated 
Name 


Name 


Description 


M 


US 


UM 


Multiplicand 
Register 


Upper  Sign 
Register 


Upper  Magnitude 


Holds  a  number  in  conventioneil 
binary  form  to  be  added  or  sub- 
tracted from  the  redundantly 
represented  number  in  US-UM. 
Connected  to  the  Y- inputs  of 
the  SDS  cascade  via  the  shift 
gate  array. 

Part  of  the  primary  rank  of  the 
double  rank  registers  associated 
with  the  SDS  array.   Holds  the 
sign  bits  of  a  binary  number  in  SD 
format  to  be  used  as  input  to  SDSl 

Part  of  the  primary  rank  of  the 
double  rank  register  associated 
with  the  SDS  array.   Contains  the 
magnitude  of  binary  numbers  in 
SD  format  to  be  used  as  input 
to  SDSl. 


LS 
LM 

UH 


LH 


UQ 


Lower  Sign  Register 

Lower  Magnitude 
Register 

Upper  H-Register 


Lower  H-Register 


Upper  Q-Register 


Secondary  rank  for  the  US  register 
Secondajry  rank  for  the  UM  register 


The  primary  rank  of  a  double  rank 
register  used  to  hold  the  sign 
bits  of  a  quotient  and  in  aligning 
and  normalizing  operands. 

The  secondary  rank  for  the  UH 
Register. 

The  primary  rank  of  a  double  rank 
register  used  to  hold  the  magni- 
tude bits  of  a  quotient  and  in 
aligning  and  normalizing  operands. 
Holds  the  multiplier  during  mul- 
tiplication. 
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Abbreviated 

Name 


Name 


Description 


LQ 
V-BUS 


XT-BUS 


MR 


SDSl-SDSU 
ZD 

PL 


MSA 


MD 


Lower  Q-Register 

In  Bus.  (The  "V" 
denotes  an  arrow- 
head point  into  the 
system) 

Exit  Bus 


Mviltiplier 
Recode 


Signed-Digit  Sub- 
structed  1  through  h 
Zero  Detect 


Propagation 
Logic 


M  Shift  Array 


Model  Division 


The  secondary  rank  for  UQ. 

Provides  input  (to  AU)  inter- 
face between  Exchange  Net  and 
AU.   Includes  cable  terminators 
and  parity  checking. 

Provides  output  (from  AU)  inter- 
face between  AU  and  Exchange  Net. 
Includes  cable  drivers  and  parity 
generation. 

Recodes  the  lower  order  9  bits  of 
UQ-Register  into  signals  which 
operate  the  gates  of  the  M-Shift 
array  during  Multiplication. 

Signed  Digit  Subtracters . 

Detects  the  presence  of  all  zeros 
in  the  register  to  which  it  is 
connected. 

Produces  the  P.  bits  from  the  T. 
and  Z.  outputs^of  SI.   These  P  ^ 
bits  are  then  combined  with  Z. 
bits  in  Sk   to  produce  the  assimila- 
ted result.   This  unit  is  similar 
to  borrow  look-ahead  logic. 

Selects  multiples  of  the  contents 
of  the  M-Register  to  be  added  in 
SDSl,  SDS2,  SDS3,  SDSl+  of  the 
Subtracter  Cascade. 

A  radix  four,  table  look-up 
division  which  generates  quotient 
digits  to  be  stored  in  UH-UQ  and 
to  control  the  M-Shift  Array  in 
forming  full  precision  partial 
remainders . 


EAU 


Exponent  Arithmetic 
Unit 


Performs  arithmetic  on  the  7  bit 
exponents  of  floating  point 
operands . 
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2.1.2  Comments  on  the  Structure 

This  section  includes  comments  about  the  general  layout  of 
the  block  diagram.   It  is  hoped  that  this  discussion  of  the  "big  picture" 
will  help  the  myriad  details  of  subsequent  sections  to  cohere. 

For  purposes  of  discussion,  it  is  fruitful  to  recognize  the 
functional  facilities  listed  in  Table  2.1.2.1  together  with  the  major 
associated  hardware  as  shown  in  the  block  diagram.  We  shall  now  coimnent 
on  each  of  these  facilities. 

2.1.2.1  Input 

Operands  enter  an  AU  through  the  V-BUS  at  the  top  of  the  block 
diagram.   The  mnemonic  for  V  is  the  observation  that  the  V  is  an  arrow- 
head pointing  into  the  unit. 


Facility 


Associated  Hardware 


1 .   Input 


2.   Initial  and  Teriainal  Operations 


3.  Addition  -  Subtraction 


k.  Generation  of  Multiples 

5 .  Output 

6.  Quotient  Digit  Generation 

7.  Condition  Detection 

8.  Exponent  Arithmetic 

9 .  Control 


V-BUS 

UH-Register,  UQ-Register 

UH-LH-Register 
UQ-LQ-Register 

US-LS-Register 
UM-LM-Register 
The  SDS  array  SDSl,  SDS2 ,  SDS3,  SI 

Propagation  Logic 

M-Register 
M-Shift  Array 
Multiplier  Recode 

UQ-Register 
XT-BUS 

Model  Division 

Zero  Detect,  Condition  Detectors 

Exponent  Arithmetic  Unit 

Control 


TABLE  2.1.2.1  -  AU  Functional  Facilities 
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The  contents  of  the  V-BUS  may  load  the  M-Register,  the  UH- 
Register,  or  the  UQ-Register.   Since  only  four  bytes  of  data  are  avail- 
able on  the  V-BUS,  the  high  order  and  low  order  portions  of  these 
registers  are  loaded  in  sequence.   Most  operations  begin  by  loading  the 
UH  and  UQ-Registers .   Parity  is  checked  at  the  V-BUS  interface. 

2.1.2.2  Initial  and  Terminal  Operations 

Due  to  the  connections  to  the  V-BUS  and  XT- BUS ,  and  the  high- 
speed shift  capabilities,  the  H  and  Q  Registers  are  associated  with 
initial  and  terminal  operations.   The  UH  (Upper  H)  and  UQ  (Upper  Q)  are 
the  primary  rank  of  double  rank  registers,  while  the  secondary  ranks  are 
LH  (Lower  H)  and  LQ  (Lower  Q) ,  respectively.   Operands  stored  in  the  UH 
8Lnd  UQ  may  be  shifted  right  or  left  by  any  multiple  of  k   bits. 

The  UH-UQ-Registers  are  used,  for  example,  in  the  initial 
operations  of  floating  ADD  to  perform  right  shifts  on  one  of  the 
fractions  until  the  value  of  exponents  agree.   In  the  terminal  operations 
of  floating  ADD,  they  are  used  to  normalize  the  fraction  of  the  result. 
These  registers  also  hold  the  multiplier  during  MPY,  and  the  quotient 
during  DIV. 

Note  that  after  initial  operations  in  UH-UQ,  the  operands  may 

be  transferred  to  the  US-UM-Registers  or  the  M-Register.   Likewise,  when 

terminal  operations  are  required,  the  result  may  be  transferred  from  the 
LS-LM-Registers  to  the  UH-UQ-Registers. 

2.1.2.3  Addition-Subtraction 

All  addition  and  subtraction,  except  that  involving  exponents, 
is  performed  in  the  Signed-Digit  Subtracter  Cascade.   This  array  consists 
of  a  cascade  of  four  signed-digit  subtracters  as  described  in  Section  2.5 
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and  labeled  SDSl  through  SDSii  on  the  block  diagram.  Actually  these 
devices  will  also  add. Which  function  is  performed  is  determined  by  the 
setting  of  the  NEG  line  shown  to  the  right  of  each  subtracter  and 
between  US  and  SDSl.   The  accumulator  for  this  array  is  the  US-UM- 
Registers  together  with  the  secondary  rank,  the  LS-LM-Registers . 

The  Signed-Digit  Subtracter  (SDS),  as  the  name  implies, 
performs  arithmetic  on  signed-digits ,  i.e.  each  digit  is  composed  of 
two  bits:  a  sign  and  a  magnitude.   This  representation  is  said  to  be 
in  SD  format.   The  prime  advantage  of  this  scheme  is  the  fact  that  in 
repetitive  additions,  as  for  example  in  MPY,  the  carry  propagation  may 
be  postponed  until  a  single  terminal  operation.   The  prime  disadvantage 
of  such  a  scheme  is  the  increased  hardware,  e.g.  the  requirement  for  an 
accumulator  with  two  bits  per  digit.   Thus  the  primary  rank  of  the 
accumulator  must  consist  of  two  registers:  the  UM  (Upper  Magnitude)  and 
US  (Upper  Sign).   The  other  input  to  the  subtracters  via  the  M-Shift 
Array  is  in  conventional  one-bit-per-digit ,  binary  form. 

Eventually  the  result  in  SD  Format  must  be  assimilated  into 
conventional  form.   This  assimilation  requries  a  propagation  of  borrows. 
Note  that  the  output  of  the  subtracter  SDSl  is  connected  to  the  PROPAGATION] 
logic.   The  PROPAGATION  logic  generates  the  so-called  P-bits.   The  P-bits 

are  then  combined  in  SDSi+  with  the  number  in  SD  format  (it  ripples  through 

SDS2  and  SDS3  to  produce  the  assimilated  result  in  LM. 

Of  course  only  one  subtracter  (remember,  they  add  too)  is 
required  for  an  ADD  or  SUB.   The  cascade  of  four  subtracters  is  justified 
by  the  requirement  for  high-speed  multiplication. 

2.1.2.U  Generation  of  Multiples 

The  complex  of  gates  to  the  left  of  the  SDS  cascade  comprises 
the  M-Shift  array.   The  input  to  these  gates  is  the  output  of  the  M-Register. 
The  outputs  drive  the  conventional  (Y)  inputs  to  SDSl,  SDS2,  SDS3,  SDSU. 


8/27/69  Section  2.1.2  -  3/6 


For  ADD,  SUB,  or  CPRA,  one  operand  is  stored  in  the  US-UM-Registers ; 
the  other  in  the  M-Register.   In  this  case,  the  only  gate  of  the  M 
array  which  is  operated  is  MDYl.   The  remaining  gates  function  during 
the  execution  of  MPY  and  DIV.   For  example,  in  MPY  the  multiplicand 
is  stored  in  M-Register,  the  multiplier  in  the  UQ-Register.   The  low- 
order  byte  of  the  UQ  is  recoded  and  the  output  of  the  multiplier 
recode  logic  sets  the  appropriate  M-shift  array  gate. 

Actually  mviltiples  produced  "by  the  M  array  may  be  added  or 
subtracted  from  the  contents  of  US-UM.  Which  operation  is  performed 
depends  upon  the  setting  of  the  NEG  controls  shown  with  each  signed- 
digit  subtracter.   This  control  is  defined  in  detail  in  Section  2.5. 

Table  2.1.2.U.1  further  describes  each  M-shift  array  gate 
signal. 


Gate  Name 


Multiple  of  Contents 
of  M  Produced 


Output  Drives 


MLTYl  128 

ML6Y1  6U 

MDYl  1 

ML5Y2  32 

ML1+Y2  16 

ML3Y3  8 

ML2Y3  h 

MLIYU  2 

MDYU  1 

PDYU  (Output  of  propagation  logic 
to  YU  input  to  SDSU) 


Y1  input 
Yl  input 
Yl  input 
Y2  input 
Y2  input 
Y3  input 
Y3  input 
Yk  input 
YU  input 


to  SDSl 
to  SDSl 
to  SDSl 
to  SDS2 
to  SDS2 
to  SDS3 
to  SDS3 
to  SDSU 
to  SDSU 


TABLE  2.1.2.U.1  -  M-Shift  Array  Gate  Description 
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2.1.2.5  Output 

The  output  of  an  AU  is  from  the  UQ-Register.   RecsLll  that 
the  UQ  and  its  partner,  the  UH-Register,  are  associated  with  terminal 
operations.   The  output  of  the  UQ  couples  to  the  XT-BUS  interface  and 
from  there  to  the  Exchange  System.   The  douhle  word  contents  of  the  UQ 
must  he  returned  as  a  sequence  of  two,  one-word  transmissions.   Parity 
is  generated  by  the  XT-BUS  interface  with  the  flags  stored  in  the  F-Register 
replaced  into  the  results. 

2.1.2.6  Quotient  Digit  Generation 

Division  in  an  Illiac  III  AU  is  accomplished  using  an  advanced 
technique  suggested  "by  J.  E.  Robertson  of  the  Department  of  Computer 
Science.   The  main  property  of  this  technique  is  that  quotient  bits  may 
be  formed  by  inspection  of  only  the  first  few  bits  of  the  divisor  stored 
in  the  M-Register,  and  the  partial  remainder  stored  in  US-UM-Register. 
This  inspection  and  quotient  bit  generation  are  accomplished  in  the  so- 
called  Model  Division.   The  hardware  in  this  box  performs  a  "model" 
division  of  the  first  few  bits  of  the  divisor  and  dividend.   The  results 
of  model  are  then  used  to  control  the  M-Shift  Array  to  form  the  next, 
full  precision  partial  remainder. 

2.1.2.7  Condition  Detection 

This  facility  includes  all  hardware  associated  with  the  detec- 
tion of  the  results  of  comparison  operations  and  the  detection  of  error 
conditions  such  as  overflow  and  underflow.   It  includes  the  Zero  Detect 
hardware  which  is  used  to  warn  of  impending  division  by  zero  and  also, 
in  the  case  of  a  floating  point  operation,  to  signal  a  zero  fraction  so  that 
the  exponent  may  be  adjusted  to  create  a  true  zero. 
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2.1.2.8  Exponent  Arithmetic 

Exponent  eirithmetic  is  the  exclusive  domain  of  the  Exponent 
Arithmetic  Unit  (EU).   The  adder  employed  in  the  EU  is  of  the  conventional 
type,  not  a  signed-digit  subtracter. 

2.1.2.9  Control 

Control  is  built  around  the  concept  of  the  control  point.  A 
control  point  is  a  logic  element  which  when  entered  will  remain  on  a 
preselected  but  adjustable  interval  of  time,  then  turn  off  and  generate 
a  steirt  signal  to  the  next  control  point.   Conditional  logic  is  permitted 
on  both  the  "DO"  output  of  the  control  point  logic  and  between  control 
point  logic.   These  facilities  permit  conditional  operations  and  condi- 
tionaJ.  branching. 
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2.2  Registers 

This  section  describes  the  main  registers  of  an  Arithmetic 
Unit.   The  registers  are  described  functionally. 

The  following  definitions  and  notation  are  employed: 

1)  The  word  "position"  refers  to  a  lateral  section  of 

the  register  capable  of  storing  one  bit.   The  M-Register, 
for  example,  is  56  positions  wide. 

2)  The  word  "stage"  refers  to  the  direction  of  data,  i.e. , 
implies  a  series  connection:  a  cascading. 

3)  Subscripts  may  either  be  written  below  the  line,  e.g., 

M  or  on  the  linejM2.  Subscripts  may  denote  either  byte 
or  bit  number.  If  the  choice  is  not  clear  from  the  con- 
text, it  will  be  explicitly  stated. 

k)     Numbers  inside  logic  symbols  denote  PC  board  type,  as 
defined  in  the  Illiac  III  Engineering  Manual,  e.g. 


5)  Register  positions  (horizontal  divisions)  are  numbered 
such  that  position  number  9  is  immediately  to  the  right 
of  the  radix  point.   In  some  cases,  the  M  Register  for 
example,  positions  1  through  8  are  not  present. 

6)  Notice  that  the  term  "register"  includes  not  only  the 
flip-flop  storage,  but  also  all  gating  into  the  flip- 
flop  and  possibly  gating  on  the  outputs. 

7)  Signals  coimnon  to  many  gates  (e.g.  selectors  and  load) 

are  usually  subdivided  into  several  signals,  each  operating 
a  subgroup  of  bytes  of  the  register  or  selector. 
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2.2.1  M-Register 
2.2.1.1  General 

The  M-Register  consists  of  input  selectors,  56  positions 
of  storage,  and  inverters  on  the  output  to  supply  additional  drive 
to  the  M-shift  array.  The  primary  function  of  this  register  is  to 
store  a  T-hyte  nvunber  which  drives  the  M-Shift  Array.  The  out- 
puts of  the  M-Shift  Array  drive  the  "Y"  inputs  to  the  four  signed- 
digit  subtractors.  The  M-Register  therefore  holds  any  operand  which 
is  to  be  combined  with  the  contents  of  the  main  accumulator,  US-UM. 

The  primary  inputs  to  the  M-Register  Selector  are  the 
direct  outputs  of  the  UH  and  LM  Registers  and  the  outputs  of  LM- 
Register  shifted  right  four  bit  positions.   There  are  also  special 
inputs  at  each  end  of  the  registers.   These  are  defined  in  Section 
2.2.1.3.   The  outputs  of  the  M-Selector,  MSEL.  (i  =  9  to  64), 
to  be  loaded  into  the  flip-flops  \mder  control  of  LDM  (Load  M). 

Note  that  although  the  M-Register  consists  of  only  56 
positions,  the  positions  are  designated  9  through  6h.      The  M-Register 
may  therefore  be  thought  of  as  a  full  8-byte  register,  as  are  the 
other  main  registers  of  the  AU,  but  with  the  first  byte  not 
actually  implemented. 
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2.2.1.2   Implementation 

The  "bulk  of  the  M-Selector  is  implemented  with  the 
235-00  card,  although  at  the  high  order  end  2^+1-00  boards  are 
used  in  a  dot-OR  configuration.   The  signals  LM912DM912,  SETM61+0NE, 
and  UQ58DM6165  are  required  for  conversion  orders  and  although  not 
shown  in  Figiire  2.2.1.2.1,  are  precisely  defined  in  PL/l  defini- 
tions in  the  next  section. 

Figure  2.2.1.2.1  illustrates  the  logic  of  a  typical 
position  of  the  M-Register. 

The  relevant  detailed  logic  drawings  are  210-01,  -02, 
-03,  -OI+,  -05  and  -06. 
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LM 


LM 


LMDM 

LMR4M 

UHDM 


M-SELECTOR 


LDM 


M- STORAGE 


i  =  9,  10,  ...  ,64 


i-4 


UH 


vy 


V 


235-00 
(6  PER    BOARD) 


MSEL; 


V 


kJ 


MSEL: 


Vy 


260-00 
(8-PER  BOARD) 


228-07 

(16  PER  BOARD) 


NOTE:       M.       DENOTES     A     SIGNAL    LOGICALLY    EQUIVALENT 
TO     M.     BUT    ELECTRICALLY    DISTINCT. 

Figure  2.2.1.2.1  -  Typical  Position  of  M-Register 
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2.2.1.3     PL/1  Description  of  Signal  Names 

/*    PL/1    DESCRIPTION    OF    SIGNAL    NAMES    RELEVANT    TO    M-REGISTER    »/ 
/*    RELEVANT    DRAWING    NUMBERS:     221-01,-02,-03,-04,-05,-06    */ 
DECLARE    M    BIT(64)  ;/»:<    TRUE    OUTPUT    OF    M-REGISTER. 

POSITIONS    1-8    NUT     IMPLEMENTED.*/ 
DECLARE    MSfcL    8  11(64);     /*    TRUE    OUTPUT    UF    M-SELECT. 

POSITIONS    1-8    NOT     IMPLEMENTED.    «/ 
LDM:  PROCEDURE; 


CALL    LMD13;     CALL    LMD47; 
END; 
LDM13:  /*LUAD    OUTPUT    OF    MSEL    13-32    INTO    M    13-32*/ 

PROCEDURE; 

SUBSTR(M,13,20)=SUBSTR(MSEL,13,20) ; 
END;  


LDM45:      /*LOAD  OUTPUT  OF  MSEL  33-48  INTO  M  33-48*/ 

PROCEDURE; 

SUBSTR(M,33,16)=SUBSTR(MSEL,33,16) ; 

END; 
LDM67:      /*LOAD  OUTPUT  OF  MSEL  49-64  INTO  M  49-64*/ 

_. PROCEDURE; 

SUBSTR(M,49,16)=SUBSTR(MSEL,49, 16) ; 

END; 
LDM912:     /*LUAD  OUTPUT  OF  MSEL  9-12  INTO  M  9-12*/ 

PROCEDURE; 

SUBSTR(M,9,4)=SUBSTRIMSEL,9,4) ; 

END; 

LMDM:       PROCEDURE; 

CALL  LDM912;  CALL  LDM13;  CALL  LDM43;  CALL  LUM67; 

END; 
LMDM13:     /*LM  OUTPUT  BYTES  1-3  TO  MSEL  OUTPUT  BYTES  1-3*/ 

PROCEDURE; 

SUBSTR(MSEL,9,24)  =  SUBSTR(LM,9,24)  ; 


END; 
LMDM47:     /*LM  OUTPUT  BYTES  4-7  TO  MSEL  OUTPUT  BYTES  4-7*/ 

PROCEDURE; 

SUBSTR(MSEL,33,32)=SUBSTR(LM,33,32) ; 

END; 
LMR4M:      /*LM  OUTPUT  5-60  TO  MSEL  OUTPUT  9-64*/ 


PROCEDURE; 

SUBSTR(MSEL,9,56)=SUBSTR(LM,5,56) ; 

END; 
LM912DM912:/*LM  OUTPUT  9-12  TO  MSEL  OUTPUT  9-12*/ 

PROCEDURE; 
SUBSTR(MSEL,9,4)=SUBSTR(LM,9,4); 

END; 
SI-TM640NF:     /*MSEL    64    =     'I'B    */ 

PROCEDURE; 

SUBSTR(MSEL,64, 1)=' I'B; 

END; 
UHDM:       PROCEDURE; 


CALL  UHDM13;  CALL  UHDM47; 
END; 
UHDM13:     /*UH  UUIPUT  BYTES  1-3  TO  MSEL  OUTPUT  BYTES  1-3*/ 
PROCEDURE; 

SUBbTR(MSEL,9,24)=SUBSTR|UH,9,24) ; 
END;  


liHDM47:  /*UH    UUIPUT    BYTES    4-7    TO    MSEL    OUTPUT    BYTES    4-7*/ 

PROCEDURE; 
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SUBSTR{MSbL,33_^2J  =  SUBSTR|UH,33,32); 
EMI); 


l)g58DM6165:/*LJg    UinPUT    b-8     TU    MSEL    OUTPUT     61-63=;=/ 
PRDCenURE; 

SUHSTR(hSEL,61  ,  4  )  =  SIJBSTR  (  UO  ,  3  ,  A  )  ; 
6NU; 
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2.2.2  US-Register 
2.2.2.1  General 

The  subtracters  are  members  of  a  class  of  "borrow- 

save  units  and  thus  require  the  redundant  representation  of 
one  operand.   The  main  accumulator,  both  primary  and  secondary 
rank,  must  provide  two  bits  of  storage  per  digit:   one  bit  for 
the  magnitude  of  the  digit,  the  other  bit  for  the  sign.   The  US- 
Register  (Upper  S^ign-Register)  is  an  8-byte  register  which  stores 
the  sign  bits  of  the  primary  accumulator.   The  UM-Register  (Section 
2.2.3)  stores  the  corresponding  magnitude  bits. 

The  US-Register  complex  consists  of  input  selectors,  flip- 
flop  storage,  and  output  gating  which  under  control  of  the  signal 
NEGO,  will  supply  either  the  true  or  complement  output  of  the  US 
flip-flops  to  the  input  of  the  first  signed-digit  subtractor  (SDS-l). 

The  inputs  supplied  by  the  selector,  and  their  primary 
use  are  shown  below: 


Signal  Name 
UHDUS 

LSL8US 

LSDUS 
LSRBUS 


Description 

Select  true  outputs  of 
UH-Register  direct  (i.e. 
without  shifting). 

Select  true  output  of 
LS-Register  shifted  left 
8  bits. 

Select  true  output  of  LS- 
Register,  unshifted. 

Select  true  output  of 
LS-Register  shifted 
right  8  bits. 


Primary  Use 

Initial  loading  of  primary 
accumulator  from  UH-Register, 
which  serves  as  input  buffer. 

Iterative  portion  of  division. 


Last  iteration  of  fixed  point 
multiplication. 

Iterative  portion  of  multi- 
plication. 
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The  outputs  of  the  selector,  USSEL.  (i  =  1  to  6U),  are 
loaded  into  the  US  flip-flops  under  control  of  LDUS  (Load  US). 

These  signals  and  several  special  signals  are  defined  more 
precisely  in  PL/1  in  Section  2.2.2.3- 

The  outputs  of  the  US  output  gates  are  designated  Sli 
(i  =  1  to  6U).   The  gating  of  the  US-Register  to  SDSl  is  under 
control  of  the  signal.  USDSl:   the  polarity  under  control  of  the 
signal  NEGO.   More  precisely:   SI.  =  USDSl  .  (NEGO  ®  US.). 
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2.2.2.2   Implementation 

The  US-Selector  is  implemented  vith  the  29^-00  Selector 
card  and  the  228-03  NMD  Card.   The  storage  flip-flops  are  the 
26O-OO.   A  typical  position  of  US  Register  and  Selector  is  shown 
in  Figure  2.2.2.2.1.   The  US  output  gating  is  implemented  with 
2i+l-00  and  228-03  cards  and  a  typical  position  is  shown  in 
Figure  2.2.2.2.2. 

Relevant  detail  drawings  are  as  follows:   222-01,  -02,  -03, 
-Oi+,  -05,  -06,  -07,  -08,  -09,  and  -10. 


I 

I 


8/26/69 


Section  2.2.2.2  -  1/3 


LSi+8        LSi  LSi-8  UH 


UHDUS  . 
LSR8US. 
LSDUS   . 


LSL8US  — -J 


LDUS 


294-00 
(8   PER    CARD) 


260-00 
}     (8  PER    CARD) 


USj  USj 


(TO    FIG.  2.2.2.2.2) 


Figure  2.2.2.2.1  -  Typical  Position  of  the  US  Kegister  and  Selectors 
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USi 


US|       (i=l,2,.  ...64) 


NEGO 
NEGO 
USDSl 


(-) 


241 

(+)  Y_ 


(+) 


241 


(12     PER    BOARD) 


228 


(16     PER    BOARD) 


(-) 


Slj       Slj 


SLi=  USDSl  •    (NEGO©USi) 


Figure  2.2.2.2.2  -  Typical  Position  of  US  Output  Gating 
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2.2.2.3     PL/1   Description  of   Signal   Names 
ML/1     DFSCRIPTIUN    Ul-    SIGNAL    NAMES    RELEVANT    TO    US-kbGISTER    */ 


RELEVANT  DRAWING  NUMHbRS:  22  1 -0  1  , -02  » -0  3  , -04  , -0^5  , -0^  , -07  , -OH 

-09,-10*/ 

DECLARE  US  RI T ( 6A ) ; /«TRUE  OUTPUT  UF  US -KEG  I S TER« / 

DECLARE  USSEL  B  I  T  (  64  )  ;  /  «TKUE  UUTPUT  OE  US-SEL  EC  TUR  =;^/ 

DECLARE  SI  HI!  (  6^)  ; /*I)UTPUT  UE  US  OUTPUI  GATING  AND 

ONE  INPUJ  JO  SDS-1*/ 

DECLARE  NEG0_S  H  1  1  (  64  )  ;  /  ^XNEGO.STR  I  N(;* /' 
US:        PROCEDURE; 

CALL  LDUSOl;  CALL  LDUS23;  CALL  LUUS4b;  CALL  LDUS67; 

EiNiD: 
USOl:  /*USSEL    «YTES    0-1    TO    US    BYTES    0-1*/ 

PROCEDURE; 

SUBSTR (US» 1 ,16)=SUBSTRruSSEL, 1,16); 

END: 
IIS23:     /*USSEL  BYTES  2-3  T(J  US  BYTES  2-3*/ 

PROCEDURE; 

SUBSTR(US,17,16) = SUBS TK ( USSEL , 17,16)  ; 

END; 

US45:     /MUSSEL  BYTES  4-b   TO  US' BYTES  4-5*7 

PROCEDURE; 

SUBSTR (US,33, 16) =SUBSTR (USSEL, 3  3, 16)  ; 

END; 
US67:     /*USSEL  BYTES  6-7   TO  US  BYTES  6-7*/ 

PROCEDURE;  

SUBSIR (US,49, 16)=SUBSTR(USSEL,49, 16)  ; 

END; 
DOS:      PROCEDURE; 

CALL  LSDUS03;  CALL  LSDUS47; 

END: 
DUS03:    /«LS  BYTES  0-3  TO  USSEL  BYTES  Q-3»/ 

PROCEDURE; 

SUBSTR (USSEL, 1,32)=SUBSTR(LS,1,32); 

END; 
DUS47:    /*LS  BYTES  4-7  TO  USSEL  BYTES  4-7*/ 

PROCEDURE; 

SUBSTR(USSEL,3  3,32)=SUBSTR(LS,33t32); 

END; 
L8US:     PROCEDURE; 

CALL  LSL8US03;  CALL  LSL8US47; 

END; 

/*  LS  BYTES  1-4  TO  USSEL  BYTES  0-3*/ 

PR(3CEUURE; 


SUBSTR(USSEL,1,32)=SUBSTR(LS,9,32) ; 

END; 

/*  LS  BYTES  b-1    TO  USSEL  BYTES  4-6*/ 

PROCEDURE; 

SUBSTR(USSEL,33,32)=SUBSTR(LS,41 ,24) | | 'OOOOOOOO'B; 

END; 

PROCEDORE; 

CALL  LSR8US03;  CALL  LSR8US47; 
END; 

/*LS  BYTES  0-2  TO  USSEL  BYTES  0-3*/ 
PROCEDURE ; 

SUBSTR ( USSEL , 1 , 32 )  =  • GOOOOGOO'Bl  ISUBSTR ( LS,lt24); 
end; 
IS47:   /*LS  BYTES  3-6  TO  USSEL  BYTES  4-7*/ 
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PROCt-DURE; 


SUB S TR ( US S e L, 33 t 32 )= SUB STR(L 5,25,32); 

END; 
NtGO:       PROCeOURF; 

CALL  NtG003;  CALL  NEG047; 

END; 
iMbG003:     /-NbGATlUM  CUNTRUL  FOR  BYTES  0-3  Uh  US  UUTPUT*/ 

PRUCEDURE; 

SUBSTR(NEG0_S,1,32)={ 32) • I'B; 

END; 
NtG047:     /'i'NEGATlUN  CUNTRGL  FUR  BYTES  4-7  OF  US  UUTPUT*/ 

PROCEDURE; 

SUBSTR(NEG0_S,33,32)=(32) ' I'B; 

SETUS9UNE:  /-USSEL  BIT  9  SET  TO  'I'B*/ 

PROCEDURE; 

SUBSTR(USSEL,9,1 )=' 1 'B; 

END; 
DHDUS:      PROCEDURE; 

CALL  UHDUS02;  CALL  UHDUS3b;  CALL  UHDUS<S7; 

END: 
UH()US02:    /-UH  BYTES  0-2  TO  USSEL  BYTES  0-2'-'=/ 

PROCEDURE; 

SUBS TR ( US S E L, 1,24)= SUBSTRIUH, 1,24) ; 

END; 

liHfn)S3S:  /*UH    BYTES    3-5    TO    USSEL    BYTES    3-5*/ 

PRfJCEDURE; 

SUBSTR(US,25,24)=SUBSTR(UH,25,24) ; 

END; 
IJHDUS67:  /*IJH    BYTES    6-7    TO    USSEL    BYTES    6-7*/ 

PROCEDURE; 

SUBSTR(US,49,  16)  =  SUBSTR(U~H,49,16)  ; 

END; 
tJiOlOUSl:  /*U0    BIT    1     TO    USSEL    BIT     1*/ 

PROCEDURE; 

SUBSTR(USSEL, 1,1 )=SUBSTR(UO, 1, 1 ) ; 
END; 


U(033DUS33:     /*U0    BIT    33    TU    USSEL    BIT    33*/ 

PROCEDURE; 

SUBSTR(US,33, 1 )=SUBSTR(U0,33,1 ) ; 

END; 
USDSl:      PROCEDURE; 

CALL  USDS  102;  CALL  USD$135;  CALL  USDS167; 

END; 
USDS102:    PROCEDURE; 

SUBSTk  (Sl,l  ,24)=SUBSTR(US,  1 ,  24  )  r.-.SUBSTR  (  NEG_S  ,  1,24)  | 
-1  SUBS  TR  (  US,  1,24)  &  SUBS  TR  (  NEG_S  ,  1  ,  24  )  ; 

END; 
USr)S135:    PROCEDURE;  _  

SUBSTR(  SI ,25,24)  =  SUBSTR(US,25,24)&^SUBSfR(NEG_S,25,24] f 

-iSUBSTR(US,2  5,24)ei  SUBSTR  (  NEG_S  ,  25  ,  24  )  ; 

FND; 
USDS16^:     PROCEDURE; 

SUBSTR (US, 49, 16)=SUBSTR(US,49, 1 6 ) G^SUBS T R ( NEG_S , 49 , 16)1 

-.SUBSTR(US,49,16)&  SUBSTR(NEG  S,49,16); 

END; 
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2.2.3  UM-Register 
2.2.3.1  General 

The  UM-Register  (Upper  Magnitude -Register)  is  an  8-byte  register 
which  stores  the  magnitude  bits  of  the  primary  accumulator.   The 
US-Register  (see  Section  2.2.2)  stores  the  corresponding  sign  bits. 

The  UM-Register  complex  consists  of  input  selectors,  flip- 
flop  storage  and  output  gating  which  supplies  the  magnitude  bits  to 
the  magnitude  inputs  of  the  first  signed-digit  subtracter  (SDS-l). 

The  inputs  to  the  register  supplied  by  the  selector,  and 
their  primary  uses,  are  shown  below: 


Signal  Name 
UQDUM 


LML8UM 


LMDUM 


LMR8UM 


Description 

Select  true  out- 
puts of  UQ  register 
direct  to  UM  (i.e. 
without  shifting). 


Select  true  outputs 
of  LM-Register 
shifted  left  8  bits. 

Select  true  output 
of  LM-Register, 
unshifted. 

Select  true  output 
of  LM-Register 
shifted  right  8  bits, 


Primary  Use 

Initial  loading  of 
primary  accumulator 
from  UQ-Register  which 
serves  as  I/O  buffer 
for  AU. 

Iterative  portion  of 
division. 


Last  iteration  of  fixed 
point  multiplication. 


Iterative  portion  of 
of  multiplication. 


The  outputs  of  the  selector,  UMSEL^  (i  =  1  to  6h) ,   are 
loaded  into  the  UM  flip-flops  imder  control  of  LDUM  (Load  UM). 

The  outputs  of  the  UM  output  gates  are  designated  Xli  (i  =  1  to 
6U).   The  gating  of  the  UM-Register  to  SDSl  is  under  control  of  the 
signal  UMDXl. 

These  signals,  including  their  subsignals,  are  defined 
using  PL/1  in  Section  2.2.3-3. 
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2.2.3.2   Implementation 

The  UM-Selector  is  implemented  with  the  29^-00  Selector  card 
and  the  228-03  NMD  card.   The  flip-flops  are  the  260-00.   A  typical 
position  of  the  UM-Register  and  Selector  is  shown  in  Figxire  2.2.3.2.1. 
The  UM  output  gating  is  implemented  with  228-03  and  228-07  cards  and  a 
typical  position  is  shown  in  Figure  2.2.3.2.2. 

Relevant  detailed  drawings  are  as  follows :   223-01 ,  -02 ,  -03 , 
-OU,  -05,  -06,  -07,  -08. 
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^^\+e         LMi  LMi-8  UQj 


UQDUM 
LMR8UM 
LMDUM 
LML8UM 


294-00 
(8   PER  CARD) 


vJ      W      W 


LDUM 


^        UMSEL 


V 


Ky 


228 


(16  PER  CARD) 


UMSELi  ^ 


\y 


UMj  UMj 


(TO   FIG.  2.2.3.2.2) 


y   260-00 
(8    PER  CARD) 


J 


Figure  2.2.3.2.1  -  Typical  Position  of  the  UM  Register  and  Selectors 


6/69 


Section  2.2.3.2  -  2/3 


UM 


UMDXl 


228 


(16   PER   BOARD) 


228 


(  L6    PER    BOARD  ) 


Xl|  Xlj 


Figure  2.2.3.2.2  -  Typical  Position  of  UM  Output  Gating 
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2.2.3.3     PL/1  Description  of  Signal   Names 

L/1    OtSCRIPTlUN    OF    SIGNAL    NAMES    RELEVANT    TO    UM    REG^ISIEK    */ 

ELFVANT    DRAWING    NUMBERS:     223-01  ,-02  , -03"» -04  , -05  ♦ -06  , -07    */ 

DECLARE    UM    R  I  T( 64 )  ; / *TRUE    OUTPUT    OE    UM-REG I  ST ER«/ 

DECLARE    UMSEL     tU  T  (  64  )  ; /=^TRUE    OUTPUT    UE    UM-SE  LECTOR*/ 

DECLARE     XI     B I T ( 64) ; /^OUTPUT    OE    UM    OUIPUT    GATING    AND 

ONE     INPUT    TO    SDS-l''.^/ 
M:  /*LOAD    UM,     ALL    BYTES*/  

PROCEDURE; 

CALL  LUUMOl;  CALL  LDUM23;  CALL  LUUM23; 

CALL  LDUM4b;  CALL  LDUM67; 

END; 
MOl:      /*LOAD  UM  BYTES  0,1*/ 

PROCEDURE;  _  

SUeSTR(UM,l ,16)=SUBSfK(UMSEL,l, 16) ; 

END; 
M23:     /*LOAD  UK  BYTES  2,3*/ 

PROCEDURE; 

SUBSTR(UM,17,16)=SUBSTRIUMSEL, 17,16)  ; 

END;  

M45:      /*LOAD  UM  BYTES  4,b*/ 

PROCEDURE: 

SUBSTR(UM,33, 1 6 ) = SUBSTR ( UMSEL , 33 , 1 6  )  ; 

END; 
M67:     /*LUAD  UM  BYTES  6,7*/ 

PROCEDURE;  

SUBSTR  (UM,49,  16)  =SUBS'TR(UMSEL,49,  16)  ; 

END; 
UM:       /*SELEC1  LM  DIRECT  TO  UM,  ALL  BYTES*/ 

PROCEDURE; 

CALL  LMDUM03;  CALL  LMDUM47; 

END; 

nM03:    /*SELECT  LM  DIRECT  TO  UM  BYTES  0-3*/ 

PROCEDURE; 

SUBSTR ( UMSE L, 1, 32)  =  SUBSTR (LM, 1,32)  ; 

END; 

/*SELECT  LM  DIRECT  TO  UM,  BYTES  4-7*/ 

PROCEDURE;         

SUBSTR (UMSEL,33,32)  =  SUBSTRILM,33,32 )  ; 

END; 

/*SELECT  LM  LEFT  8  BITS  TO  UM,  ALL  BYTES*/ 

PROCEDURE; 

CALL  LML8UM03;  CALL  LML8UM47; 

END;    _  __ 

/*SELECT  LM  LEFf  8  BITS  TO  UM,  BYTES  0-3*/ 

PROCEDURE; 

SUBSTR IUMSEL,1,32)=SUBSTR(LM,9,32); 

END; 

/*SELECT  LM  LEFT  8  BITS  TO  UM,  BYTES  4-7*/ 

PROCEDURE; _ 

SUBSTR  (UMSEL,  33,  32)=  SUBSTR  (  LM  ,  4  1  ,  24  )  /  /  (8  )  ""o  '  B  ; 

END; 

/*SELECT  LM  RIGHT  8  BITS  TO  UM,  ALL  BYTES*/ 

PROCEDURE; 

CALL  LMR8UM03;  CALL  LMR8UM47; 

END; 


UM03:        /*SELECT "lm" R IGHT    8    BITS    TO    UM, BYTES    0-3*/ 
PROCEDURE; 
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SUBSTR(UMSEL,1»32)  =  (8) • 0  »^//SUBSTR ( LM, 1 , 24M 

END  "  "'     "  ~  ' 

LMR8UMA7:   /*SbLtCT  LM  RIGHT  8  BITS  TO  UM, BYTES  A-7*/ 

PROCEDURE; 

SUBSTR(UMSEL,33,32)  =  SUBSTR(LM,2l5,32)  ; 

END; 
UMDXl:  /^SELECT    UM    DIRECT    TO    XI,     ALj.    BYTJS*/  _ 

PROCEDURE; 

CALL  UMDX103;  CALL  UMDX147; 

END; 
liMDX103:  /^SELECT    UM    DIRECT    TO    XI,     BYTES    0-3*/ 

PROCEDURE; 

SUBSTR(  XI,  1,32)=  SUBS TR(UH,  1,32)  ?___ 

END; 
UMDXIA?:    /^SELECT  UM  DIRECT  TO  XI,  BYTES  4-7*/ 

PROCEDURE; 

SUBSTRIX1,33,3?)=SUBSTR(UM,33,32) ; 

END; 
U0912R'52UM:/*SELECT  UO,  BITS  9-12,  RIGHT  bl    BITS  TO  UM  (BITS  61-6A*/ 

PROCEDURE;  /*  NOTE;  ALSO  CALLED  U0912DUM6164*/ 

SUBSTR(UMSEL,61,4)=SUBSTR(U0,9,4) ; 

END; 
UODUM;      /*SELECr  UO  DIRECT  TO  UM,  ALL  BYTES*/ 

PROCEDURE; 

CALL  U0DUM02;  CALL  UODUM35;  CALL  U(0DUM67; 

END; 
UgDUM02:    /*SELECT  UO  DIRECT  TO  UM,  BYTES  0-2*/ 

PROCEDURE; 

SUBSTR(UMSEL,1,24)=SUBSTR{U0,1,24) ; 

END; 
U0nUM3!>:    /^SELECT  UO  DIRECT  TO  UM,  BYTES  3-5*/ 

PROCEDURE; 

SUBSTR(UMSEL,2b,24)=SUBSTR(U0,2  5,24) ; 

END; 
U0nUM67:    /^SELECT  UO  DIRECT  TO  UM,  BYTES  6,7*/ 

PROCEDURE; 

SUBSTR(UMSEL,49,16)=SUBSTR(U0,49,16); 

END; 


I 
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2.2.U   LS-Register 

2.2. U.l  General 

The  LS-Register  (Lower  S^ign  Register)  is  part  of  the 
secondfiLry  rank  of  the  acciimulator  for  the  signed-digit  subtracter  (SDS) 
array.   It  holds  the  sign  bits  of  the  result  from  the  SDS  output  prior 
to  their  being  transferred  back  to  the  primary  sign  bit  accumulator 
(US-Register)  or  the  UH-Register  for  terminal  processing. 

The  LS-Register  consists  of  8  bytes  of  flip-flop  storage. 
Since  this  register  is  loaded  from  only  one  source  (the  T  output 
of  subtracter  h)   no  selector  gates  such  as  used  with  the  US-Register 
are  necessary.   The  input  is  selected  and  loaded  \inder  control  of 
the  signal  Tl+DLS. 

The  output  of  the  LS-Register  drives  inputs  into  the  US- 
selector  (LSL8US,  LSDUS,  LSRBUS)  and  an  input  into  the  UH  Selector  (LSDUH; 
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2.2.U.2   Implementation 

The  LS-Register  is  implemented  with  the  26O-OO  flip-flop 
board.   A  typical  position  is  shown  in  Figure  2.2.i+.2.1. 

Relevant  detailed  drawings  are  as  follows:   22^-01,  -02, 
-03,  -OI+,  -05,  -06. 
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EXTERNAL 
CONNECTION 


T4i 


V^ 


LSi 


T4i 


\J 


LSi 


260-00 

(8  PER  CARD) 


TO:     FIG.  2.2.2.2.1  (3  LOADS) 
FIG.  2.2.6.2.1  (  1  LOAD) 


Figure  2. 2. U. 2.1  -  Typical  Position  of  the  LS  Register 
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2.2.U.3     PL/1  Description  of  Signal  Names 

/-PL/1    DESCRIPTIUN    GF    SIGNAL    NAMES    RELEVANT    TO    LS    KeOISTER*/ 

/-RELEVANT    DRAWING    NUMBERS:     22^-01  ,-02  , -03  , -04  »'-0b, -06  ."*/ 

DECLARE    LS    B  I T ( 64 )  ;     /*TRUE    OUTPUT    UF    LS    REGISTER*/ 

DECLARE    T4    BIT(64);     /*TRUE    OUTPUT    OF    SDS-4,     SIGN 

BITS=:V 
T4DLS:  /*T4    DIRECT    TO    LS     (SAME    AS    LOAD    LS),     ALL    BYTES*/ 

PROCEDURE; _ 

CALL  T4DLS01;  CALL  T40LS23;  CALL  T40LS45;  CALL  T4DLS67; 

END; 
l4nLS01:    /*T4  DIRECT  TO  LS,  BYTES  0,1  */ 

PROCEDURE; 

SUBSTR(LS,1,16)=SUBSTR(T4, 1, 16) ; 

END; 

■140LS23:  /*T4    DIRECT    TO    LS  ,  'BYTES    2 ,  3"  */ 

PROCEDURE; 

SUBSTR(LS,17,16)=SUBSTR(T4,17,16) ; 

END; 
14DLS45:    /*T4  DIRECT  TO  LS,  BYTES  4,5  */ 

PROCEDURE;  

SUBSTR(LS,33,16)=SUBSTR1T4,33,  16)"; 

END; 
T40LS67:    /*T4  DIRECT  TO  LS,  BYTES  6,7  */ 

PROCEDURE; 

SUBS1R(LS,49,16)=SUBSTR|T4,33,16) ; 

END; 
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2.2.5   LM-Register 

2.2.5-1  General 

The  LM-Register  (Lower  Magnitude  Register)  is  peirt  of  the 
secondary  rank  of  the  acciunulator  for  the  signed  digit  subtracter 
(SDS)  array.   The  register  holds  the  magnitude  bits  of  the  result 
from  the  SDS  output  prior  to  their  being  transferred  back  to  the 
primary  magnitude  bit  accumulator  ( UM-Register )  or  to  the  UQ  Register 
which  serves  as  an  output  buffer. 

The  LM-Register  consists  of  8  bytes  of  flip-flop  storage. 
Since  this  register  is  loaded  from  only  one  source  (the  Z  output  of 
subtractor  h)   no  selector  gates  such  as  used  with  the  UM-Register  are 
necessary.   The  input  is  selected  and  loaded  iinder  control  of  the 
signal  ZUdLS. 

The  output  of  the  LM-Register  drives  inputs  into  the  UM-Selec- 
tor  (LML8UM,  LMDUM,  LMR8UM)  and  an  input  into  the  UQ-Selector  (LMDUQ). 
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2.2. 5.2  Implementation 

The  LM-Register  is  implemented  with  the  260-00  flip-flop 
"boaxd.  A  typical  position  is  shown  in  Figure  2. 2. 5 .2.1. 

Relevant  detailed  drawings  are  as  follows:   225-01,  -02, 
-03,  -OU,  -05,  -06. 
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Z4DLM 


EXTERNAL 
CONNECTION 


Z4i 


Z4i 


LM; 


LM: 


260-00 

(8   PER  CARD) 


TO:     FIG.  2.2.3.2.1  (3  LOADS) 
FIG.  2.2.7.2.1    (L    LOAD) 

Figure  2.2.5.2.1  -  Typical  Position  of  the  LM  Eegister 
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P  2.5.3     PL/1  Description  of  Signal  Names 

/-PL/1     DESCRIPTIUN    UF    SIGNAL    NAMES    RELEVANT    TO    LM    KEGISTbR    «/ 

/-RELEVANT    DRAWING    NUMBER S :     22 5-0 1 ,-02 , -03 , -04, -05 » -06    */ 

DECLARE    LM    Brr(64);     /*TRUE    OUTPUT    UF    LM    KEGISTER    */ 

DECLARE    lA    BIT(64);     /*TRUE    OUTPUT    OF    SDS-4,    MAGNITUDE 

BITS*/ 
Z4DLM:  /*Z4    DIRECT    TO    LM     (SAME    AS    LOAD    LM),     ALL    BYTES*/ 

PROCEDURE; 

CALL  Z4SLM01D  CALL  Z4DLM23;  CALL  Z4DLM4b;  CAlI  ZADLM67; 

END; 
Z^DLMOl:    /*Z4  DIRECT  TO  LM,  BYTES  0,1*/ 

PROCEDURE; 

SUBSTR{LM,1,16)=SUBSTR(Z4,1,16) ; 

END; 

ZADLM23:    /*ZA  DIRECT  TO  LM,  BYTES'  2,3*/ 

PROCEDURE; 

SUBSTR(LM,17,16)=SUBSTR(Z4,17,16) ; 

END; 
Z4DLM4b:    /*Z4  DIRECT  TO  LM,  BYTES  4,5*/ 

PROCEDURE; _      

SUBSTR(LM,33,16)=SUBSTR(Z4, 33, 16) ; 

END; 
Z4DLM67:    /*Z4  DIRECT  TO  LM,  BYTES  6,7*/ 

PROCEDURE; 

SUBSTR(LM,49,16)=SUBSTR(Z4,49,16) ; 

END; 


9/29/69  Section  2.2.5»3  -  l/l 


2.2.6  UH-Register 
2.2.6.1  General 

The  UH-Register  (Upper  H  Register)  is  part  of  a  functional  set 
of  registers  consisting  of  UH  and  UQ  and  the  secondary  ranks  LH  and  LQ. 
These  8-byte  registers  serve  as  input-output  buffers,  as  shift  registers 
for  initial  and  terminal  operations  of  an  arithmetic  order^  and  as 
storage  for  the  sign  bits  of  the  quotient  (in  signed-digit  format) 
during  division. 

The  UH-Register  complex  consists  of  input  selectors  and  flip-flop 
storage.   The  inputs  to  the  register  supplied  by  the  selector  and  their 
primary  use  are  described  below: 


Signal  Name 
LSDUH 

LHLIUH 

LHlAUH 

LHL8UH 

mL32UH 


LHR4UH 


Description 

Select  true  outputs  of 
LS-Register  direct  (i.e. 
without  shifting). 

Select  true  outputs  of 
LH-Register  shifted 
left  1  bit. 

Select  true  outputs  of 
LH-Register  shifted  left 
k   bits. 

Select  true  outputs  of  LH- 
Register  shifted  left  8  bits 
(1  byte) 

Select  true  outputs  of  LM- 
Register  shifted  left  32 
bits  {k   bytes) . 

Select  true  outputs  of  LH- 
Register  shifted  right  h 
bits. 


Primary  Use 

In  conversion  from  integer 
to  decimal  number  type. 


Binary  normalization  for 
division. 


Hexadecimal  normalization  in 
all  floating  point  operations 


Hexadecimal  normalization  in 
all  floating  point  operations 


In  fixed  point  division. 


To  align  radix  points  of 
fractions  for  floating  point 
ADD  and  SUB. 
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Signal  Name 
LHB8UH 

VDUHO 

VDUH13 

VDUHi+T 

QBDUH7 


Description 

Select  true  outputs  of 
LH-Begister  shifted  right 

8  tits. 

Select  V-Bus  data  byte 
1  direct  to  UH  byte  0. 

Select  V-Bus  data  bytes 
2-U  direct  to  UH  bytes  1-3. 

Select  V-Bus  data  bytes 
1-U  direct  to  UH  bytes 

Select  the  quotient  buffer 
from  model  division  to  UH, 
byte  7. 


Primary  Use 

To  align  radix  points  of 
fractions  for  floating 
point  ADD  and  SUB. 

Initial  loading  of  operands, 


i 


Initial  loading  of  operands, 


Initial  loading  of  operands. 


All  division  operations 


The  outputs  of  the  selector,  UHSEL.  (i  =  1  to  64),  are  loaded 
into  the  UH  flip-flops  under  control  of  LDUH  (Load  UH) . 

These  signals  and  their  sub-signals  are  defined  more  precisely 
in  PL/1  in  Section  2.2.6.3. 

The  outputs  of  the  UH  flip-flops  drive  the  LH  register,  the  US 
Selector  (UHDUS),  the  M  Selector  (UHDM) ,  and  the  UH  Zero  Detect  logic. 


8/26/69 


Section  2.2.6.1  -  2/2 


2.2.6.2  Implementation 

The  UH  Selector  is  implemented  with  the  29^-00  selector 
card  and  the  228-03  NMD  card.   The  flip-flops  are  260-00.   A 
typical  position  of  the  UH  Register  and  Selector  is  shown  in 
Figure  2.2.6.2.1. 

Relevant  detailed  drawings  are  as  follows:   226-01,  02, 
-03,  -OU,  -05,  -06,  -07. 
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LHLIUH 

LML32UH 

LSDUH 

LHL8UH 

LHL4UH 

VDUH 

LHR4UH 

LHR8UH 


LDUH 


LH        LH  V 


i-8 


i-4 


LH        LH         LS. 
i+4        i+8  I 


Ky  v^ 


\y 


LM        LH 
i  +  32 

— •■ 


228 


228 


i-i-l 


294-00 
(8  PER  CARD) 


^^ 


294-00 
(8  PER    CARD) 


uhselSt 


UHSEL: 


260-00 
(8    PER   CARD) 


V 


n.c, 


FOR     i=    1,2,   ...  ,64 


Typical  Position  of  the  UH  Register 
and  Selectors 
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2.2.6.3     PL/1   Description  of  Signal  Names 

L/1     OPSCRIPIIDN    OF     SIGNAL    NAMES    RELFVANT     TO    UH    KEGISTFK*/ 
ELEVANT    DRAWING    NDMHFKS:     22  )-0 1 f-02 , -03 , -OA, -Ob , -06 , -07*/ 

DFCLARE    UH    B  I  T ( 6A )  ;     /*TRUE    OUTPUT    OF    UH    REGISTER*/ 

DECLARE    UHSEL     BIT  16^);     /*TRUE    UUTPUT    OF    UH    SELECTOR*/ 
h:  PROCEDURE; 

CALL    LDUHOl;     CALL     LDUH23; 

CALL     LDUHA5;     C ALL  JjpUHbli 

END; 
HO  3:  PROCEDURE; 

CALL    LDUHOl;     CALL    LDUH23; 

END; 
H47:  PROCEDURE; 

CALL  LUUH^b;  CALL  LDUH67;  

END; 
HOI       /*LOAU  UH  BYTES  0,1  FROM  UHSEL  BYTES  0,1  */ 

PROCEDURE; 

SUBSTR(UH, 1, 16 )=SUBSTR( UHSEL, 1,16) ; 

END; 
H23:  /*H>AD    UH    BYTES    2,3    FROM    UHSEj.    BYTES    2,3    */ 

PROCEDURE; 

SUBSTR(UH,17,16)=SUBSTR(UHSEL,17,16); 

END; 
H45:      /*LL)AO  UH  BYTES  4,5  FROM  UHSEL  BYTES  4,b  */ 

PROCEDURE; 

SUBSTR(UH,33,  1  6  )  =  SUBS TR  (  UHS EL  ?_33 ,  16)  ; 

END; 
H67:      /*LUAD  UH  BYlES  6,7  FROM  UHSEL  BYTES  6,7  */ 

PROCEDURE; 

SUBSTR(UH,49, 1 6 ) = SUBSTR ( UHS EL , 49, 16) ; 

END; 

/*SELECT   LH  LEFT  1  BIT  TO  UH*/ 

PROCEDURE; 

CALL  LHL1UH14;  CALL  LHL1UH57; 

END; 

/*SELECT  LH  LEFT  1  BIT  TO  UH  BYTES  1-4*/ 

PROCEDURE ; 

SUBSTR(UHSEL,9,32)  =  SUBSTR(LH, 10,32  )  ; 

END; 

/*SELECT  LH  LEFT  1  BIT  TO  UH  BYTES  b-7*/ 

PROCEDURE; 

SUBSTR(UHSEL,41,24)  =  SUBSTR(LH,42,23)  |  |  'O'B; 

END; 

/*SELECT  LH  LEFT  4  BITS  TO  UH,  ALL  BYTES*/ 

PROCEDURE; 

CALL  LHL4UH03;  CALL  LHL4UH47; 

END; 
•UH03:   /^SELECT  LH  LEFT  4  BITS  TO  UH,  BYTES  0-3*/ 

PROCEDURE ; 

SUBSTR(UHSEL, 1 , 32 )  =  SURSTK ( LH, 5, 32  )  ;      

END; 
IUH47:   /--SELECT  LH  LEFT  4  BITS  TO  UH,  BYTES  4-7*/ 

PROCEDURE; 

SUBSTR(UHSEL,3  3,32 )=SUBSTR(LH,37,28)  I  I  'OOOO'B; 

END; 
UH:  /*SELECT    LH    LEF'L  R    BITS    TO    UH,    ALL    BYTES*/ 

PROCEDURE; 

CALL    LHL8UH03;     CALL    LHL8UH47; 


,UHt>7 


►UH: 
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END; 

LHLRUH03:   /^SELECT  LH  LEFT  8  BITS  TO  UH,  BYTES  0-3*/ 

PROCEDURE; 

SUBSTR(UHSEL,l,32)=SUBSTR(LHt9,32 ) ; 

END; 
LHLaUH47:   /^SELECT  LH  LEFT  8  BITS  TO  UH,  BYTES  4-7*/ 

PROCEDURE; 

SUBSTR(UHSEL,33,32)  =  SUBSTR(LHt41t24)  I  r8'0'B; 

END; 
LHR4UH;     /^SELECT  LH  RIGHT  4  BITS  TO  UH,  ALL  BYTES*/ 

PROCEDURE; 

CALL  LHR4UH03;  CALL  LHR4UH47; 

END; 


LHR4UH03:   /*SELECT  LH  RIGHT  4  BITS  TO  OH,  BYTES  0-3*/ 

PROCEDURE; 

SUBSTR(UHSEL,1,32)='0000«B| | SUBSTR ( LH, 1 , 28 ) ; 

END; 
LHR4UH47;   /*SELECT  LH  RIGHT  4  BITS  TO  UH,  BYTES  4-7*/; 

PROCEDURE;  _  

SUBSTR(UHSEL,33,32)=SUBSTR(LH,29, 32); 

END; 
LHRRUH:     /*SELECT  LH  RIGHT  8  BITS  TO  UH,  ALL  BYTES*/ 

PROCEDURE; 

CALL  LHR8UH03;  CALL  LHR8UH47; 

END; 


LHR8UH03:   /*SELECT  LH  RIGHT  8  BITS  TO  UH,  BYTES  0-3*/ 

PROCEDURE; 

SUBSTR(UHSEL,1,32)=(8) 'O'BI | SUBSTR ( LH, 1 , 24 ) ; 

END; 
LHR8UH47:   /*SELECT  LH  RIGHT  8  BITS  TO  UH,  BYTES  4-7*/ 

SUBSTR(UHSEL,33,32)=SUBSTR(LH,2  5,32);  

END; 
LML32UH:    /*SELECT  LM  LEFT  32  BITS  INTO  UH  (SAME  AS  LMDUH7)*/ 

PROCEDURE; 

SUBSTR(UHSEL,1,32)=SUBSTR(LM,33,32); 

END; 
LSDUH;      /*SELECT  LS  direct  to  UH,  ALL  BYTES*/ 

PROCEDURE; 

CALL  LSDUH03;  CALL  LSDUH47; 

END; 
LSDUH03:    /*SELECT  LS  DIRECT  TO  UH,  BYTES  0-3*/ 

PROCEDURE; 

SUBSTR  (  UHSEL  ,  1  ,  32  )  =  SUBSTR  (  L S  ,  1 ,  32  )  ; 

END; 
LSDUH47:    /*SELECT  LS  DIRECT  TO  UH,  BYTES  4-7*/ 

PROCEDURE; 

SUBSTR(UHSEL,33,32)=SUBSTR(LS,33,32); 

END; 
VDUHO:      /*SELECT  V-BUS  DATA  BYTE  1  DIRECT  TO  UH  BYTE  0  */ 

PROCEDURE; 

SUBSTR (UHSEL , 1 ,8 ) =SUBSTR ( V , 1 1 , 8 ) ; 

END; 
VDUHI3:  /*SELECT    V-BUS    DATA    BYTES    2-4    DIRECT    TO    UH    BYTES     1-3*/ 

PROCEDURE; 

SUBSTR(UHSEL,9,8)=  SUB S TR( V,21 ,8)  ; 


SUBSTR I UHSEL, 1 7 , 8 ) = SUBSTR ( V , 31 , 8 ) ; 
SUBSTR  (UHSEL,?'),8)  =  SUBSTR(  V,41  ,8)  ; 
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UH47: 


DATA    BYTES    l-<*    DIRECT    TO    UH    BYTES    4-7*/ 


/♦SELECT    V-BUS 
PROCEDURE: 

SUBSTR(UHSEL,33,H)=SUBSTK( V» 11,8) 
SUBSTR(UHSEL,41  , 8 ) = SUBS TR ( V , 2 1 » 8  ) 
SUBSTR(UHSEL,49,8)=SUBSTR( V,31 ,8) 
SUBS  TR(UHSE L , 5  7 , 8 )  =  SUBSTR ( V, 41, 8 ) 
END; 
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2.2.7  UQ-Register 
2.2.7.1  General 

The  UQ-Register  (Upper  Q  Register)  is  part  of  a  functional  set  of 
registers  consisting  of  UH  and  UQ  and  the  secondary  ranks  LH  and  LQ,  respec- 
tively.  This  8-byte  register  serves  as  an  input-output  buffer,  as  a  shift 
register  for  initial  and  terminal  operations  of  an  arithmetic  order  and  as 
storage  for  the  magnitude  bits  of  the  quotient  (in  signed-digit  format) 
during  division. 

The  UQ-Register  complex  consists  of  input  selectors  and  flip-flop 
storage.   The  inputs  to  the  register  and  their  primary  use  are  described  below: 


Signal  Name 
LMDUQ 


LQLIUQ 

lqlUuq 

LQL8UQ 
LQR1UQ03 

LQRi+UQ 

LQR8UQ 


Description 

Select  true  output  of  LM- 
Register  directly  (without 
shifting) 

Select  true  output  of  LQ- 
Register  shifted  left  1  bit. 

Select  true  output  of  LQ- 
Register  shifted  left  k   bits. 

Select  true  output  of  LQ- 
Register  shifted  left  8  bits. 

Select  true  output  of  LQ- 
Register  shifted  right  1  bit. 
Applies  only  to  bytes  0-3. 

Select  true  output  of  LQ- 
Register  shifted  right  k   bits, 

Select  true  output  of  LQ- 
Register  shifted  right  8  bits, 


Primary  Use 

Transfer  of  results  for  signe 
digit  subtracter  complex  to  U 
for  terminal  shifting  and  out 

Binary  normalization  for  divi 

Hexadecimal  normalization  in  : 
floating  point  operations. 

Hexadecimal  normalization  in  ; 
floating  point  operations. 

Post  normalization  of  remaindt 
in  integer  division. 

Alignment  of  radix  points  of 
fractions  for  floating  point 
ADD  and  SUB. 

Alignment  of  radix  point  of 
fractions  for  floating  point 
ADD  and  SUB. 
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Signal  Name 

SELDECSIGN 

SETUQ030NE 


VDUQO 


VDUQ13 


vduqUt 


Description 

Select  the  sign  of  a  decimal 
result  into  UQ(5)  -  UQ(8) 

Set  UQ(1)  -  UQ(32)  to  all 
I's. 


Select  V-Bus  data  byte  1 
direct  to  UQ  byte  0. 

Select  V-Bus  data  bytes 
2-J+  direct  to  UQ  bytes 
1-3. 

Select  V-Bus  data  bytes  l-ii 
direct  to  UQ  bytes  U-J . 


Primary  Use 

Conversion  to  decimal  number 
type. 

Generation  of  maximum  floating 
point  number  on  division  by 
zero. 

Initial  loading  of  operands. 
Initial  loading  of  operands. 


Initial  loading  of  operands. 


The  outputs  of  the  UQ  selector,  UQSELi  (i  =  1  to  6U)  are  loaded  into 
the  UQ  flip-flops  under  control  of  LDUQ  (Load  UQ) . 

All  signals  associated  with  the  UQ-Register  are  defined  more  precisely 
in  PL/1  notation  in  Section  2.2.7' 3. 

The  outputs  of  the  UQ  flip-flops  drive  the  LQ  register,  the  UM 
selector,  the  UQ  Zero  Detect  Logic  and  the  XT-Bus  interface. 
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2.2.7.2  Implementation 

The  UQ  Selector  is  implemented  with  the  29^-00  selector  card 
and  the  228-03  NMD  card.   The  flip-flops  are  the  260-00.   A  typical 
position  of  the  high  order  half  of  the  UH  Register  and  Selector  is  shown 
in  Figure  2. 2.7 .2.1.   A  typical  position  of  the  low-order  half  is  shown 
in  Figure  2.2.7-2.2. 

Relevant  detailed  drawings  are  as  follows:   227-01,  02,  03,  0^+ , 
05,  06,  07. 
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LQ        LQ 


Q(2I30NE 

LOLIUQ 

LQRIUQ 

LMDUQ 

LQL8UQ 

LQL4UQ 

VDUQ 

.QR4UQ 

LQR8UQ 


LDUQ 


260-00 
(8  PER    CARD) 


FOR      i=    1,2,  ...  ,32 

n.c.    =  no  connection 


Figure  2.2.7.2.1  -  Typical  Position  of  UQ  Register  and  Selector 

(Bytes  0-3) 
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Figure  2.2.7.2.2  -  Typical  Position  of  UQ  Register  and  Selector 

(Bytes  I4-7) 
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2.2.7.3     PL/1   Description  of  Signal  Names 

/vPL/1     DFSCRIPllUN    Uh     S1(;NAL    NAMtS    RELeVANT     llj    U(0    KbGISlbK*/ 
/*RFLEVANT    1)RAWIN(,    NUMBERS:    2  27-0  1  , -02  ,-03  ♦ -04 , -Ob , -06, -07*  / 

DECLARE    UQ    rtIT(64);     /*TRUE    OUTPUT    OF    UO    REGISTER*/ 

DECLARE    UOSEL    B  I  T  (  64  )  ;     /=<=TRUE    UUTPUT    UF    UO    SEL  EC  1  ()R':=/ 

DECLARE        TEMP_S    B1TI4),     TEMP1_S    BITIH),     I  N  J  EC  TS  I  r,N_S 
BIT(4),     INJFCTSIGN1_S    BIT{H); 
INJECTS IGN:/*INJECI     SIGN     IN    HIGH    ORDER     POSITIONS    Oh    UO    UN    RIGHT 
SHIFTS     */ 

PROCEDORE ; 

INJECTSIGN_S  =  (4)«1'B;  I NJ ECTS I GN1_S  =  (H)«I'B; 

END; 
LDUO:       PROCEDURE; 

CALL  LDUOO;  CALL  LDUQl;  CALL  LUU023; 

CALL  L0U045:  CALL  L0U067; 

END; 
LDU0I3:     PROCEDURE; 

CALL  LDUOl:  CALL  LDU023; 

END; 
Ll)U047:     PROCEDURE; 

CALL  LDU045;  CALL  LDU067; 

END; 
LiniOO:       /«LGAD  UO  BYTE  0  FROM  UOSEL  BYTE  0  «/ 

PROCEDURE; 

SOBSTR(UOt 1,8)=SUBSTR(UQSEL,1,H )  ; 

END; 
LUUOI:      /=^LL)AD  UO  BYTE  I  FROM  UOSEL  BYTE  I  */ 

PROCEDURE ; 

SUBSTR(U0,9,8) = SUBS TR ( UOSEL , 9, F ) ; 

END: 
LDU023:     /«LOAD  UO  BYTES  2t3  FROM  UOSEL  BYTES  2,3  */ 

PROCEDURE;  

SUBSTR(UOt  17,  16)  =  SUBSTR"(U0SEL,17t  16)  ; 

END; 
LDU045:     /*LOAD  UO  BYTES  4,b  FROM  UOSEL  BYTES  4,5  */ 

PROCEDURE: 

SUBSTR(U0,33, 1 6 ) =SUBSTR ( UQSEL, 33 , 16)  ; 

END; 
LI)U067:     /«LOAD  UO  BYTES  6,7  FROM  UOSEI  BYTES  6,7  */ 

PROCEDURE; 

SUBSTR(U0,49, 16)  =  SUBSTR(U0SEL,49, 16)  ; 

END; 
LMOUO:      /^SELECT  LM  DIRECT  TO  UO,  ALL  BYTES-/ 

PROCEDURE;        „  _   _    _  

CALL  LMDU003;  CALL "  LMDU047';  ' 

END; 
LMnu003:    /*SFLECT  LM  DIRECT  TO  UO,  BYTES  0-3*/ 

PROCEDURE; 

SUBSTRIUOSEL, 1 ,32)=SUBSTR(LM, 1,32 ) ; 

END; 

LM0U047:    /^SELECT  LM  DIRECT  TO  UO ,  BYTES  4-7*/ 

PROCEDURE; 

SUBSTR(UOSEL,33,32)=SU8STR(LM,33,32); 

END; 
.OLIUO:     /^SELECT  LO  LEFT  1  BIT  TO  UH«/ 

PROCEDURE;       

CALL  LOL1U004;  CALL  L0L1U057; 

END; 
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L(OL1U004:       /*SrLECT    LO    LEFT    1    B I T  JT)^  U^O,^  BYTES    0-4*/ 

PROCEDURE; 

SUBSTRIUOSELt 1 t 40 ) = SUBS TR ( LO, 2 , 40 ) ; 

END; 
L(OL1U057:   /^=SELECT  LO  LEFT  1  BIT  TO  UO,  BYTES  5-7-/ 

PROCEDURE; 

SUBSTR(U0SELt^1t24)  =  SUBSTR(LPj42,23)  |  |  'O'B; 

END; 
L0L4U0:     /=i=SELECT  LO  LEFT  4  BITS  TO  UO,  ALL  BYTES*/ 

PROCEDURE; 

CALL  LOL4U003:  CALL  L0L4U047; 

END; 
LOL4U003:   /^SELECT  LO  LEFT  4  BITS  JOJJO,  BYTES  0-3j:i/      

PROCEDURE; 

SUBSTR(U0SEL,1,32)=SUBSTR{L0,5,32) ; 

END; 
LOL4U047:   /''^SELECT  LO  LEFT  4  BITS  TO  UO,  BYTES  4-7*/ 

PROCEDURE; 

SUBSTR(U0SEL,33,32)  =  SyBSTR(L0,37,28)  |  (NiEPB; 

END; 
L0L8U0:  /=:<SELECT    LO    LEFT    8    BITS    TO    UO,     ALL    BYTES*/ 

PROCEDURE; 

CALL    LOL8U003;     CALL    L0L8U047; 

END; 
L(OL8U003:        /^SELECT    LO    LEFT    8    BITS    TO    UO,     BYTES    0-3*/ 

PROCEDURE; 

SUBSTR(UOSEL, 1,32)= SUBS TRILO, 9,32  )  ; 

END; 
LOL8U047:   /^SELECT  LO  LEFT  8  BITS  TO  UO,  BYTES  4-7*/ 

PROCEDURE; 

SUBSTR(U0SEL,3  3,32)=SUBSTR(Lp,41,24) | |MEPB| | 'OOO'B; 

END; 
L0R1U003:   /*SELECT  LO  RIGHT  1  BIT  TO  UO,  BYTES  0-3*/ 

PROCEDURE; 

SUBSTR{UOSEL,l,32)=SUBSTR(LO,l,I )  I  I SUBSTK(LO, 1,31  )  ; 

/*NOTE  THAT  SIGN  IS  INJECTED  IN  HIGH  ORDER  POSITION*/ 

END;  

LOR4U0:     /*SELECT  LO  RIGHT  4  BITS  TO  UO,  ALL  BYTES*/'"" 

PROCEDURE, 

CALL  L0R4U003;  CALL  L0R4U047; 

END; 
LOR4U003:   /*SELECT  LO  RIGHT  4  BITS  TO  UO,  BYTES  0-3*/ 

PROCEDURE;     TEMP_S    =  I  NJEC  TS  I  GN_S    8     (  4  )  MJBSTR  aO,  1  ,  1  )  ;_ 

SUBSTR{U0SEL,1,32)=  TEMPS  I  I SUBSTR ( UO , 1 , 28 T; 

END; 
L0R4U047:   /*SELECT  LO  RIGHT  4  BITS  TO  UO,  BYTES  4-7*/; 

PROCEDURE; 

SUBSTR(U0SEL,33,32)=SUBSTR(L0,29,32); 

END; __  _   

L0R8U0:     /*SELEC1  LO  RIGHT  8  BITS  TO  UO,  ALL  BYTES*/ 

PROCEDURE; 

CALL    LOR8U003;     CALL    L0R8U047; 

END; 
L0RRU003:       /*SELECT    LO    RIGHT    8    BITS    TO    UO,     BYTES    0-3*/ 

PROCEDURE;     TEMP 1_S= I NJECTS1GNJ_S    G     ( 8 ) SUBSTR ( LO, 1 , 1 ) ; 

SUBS1R(U0SEL,1,32)=TEMP1_S|  I  SUBS TR ( LO, 1 , 24 ) ; 

END; 
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L(OR8U047:       /*SFLECT    LO    RIGH^_8    BJTS    TO    UO,    BYTES    A-7*/ 

SUBSTRIU0SeLt33,32r=SUBSTR(lg,2  5,32) ; 

bNO; 
SbTDECSIGN:/*StT  UtClMAL  SIGN  IN  UO  BITS  b-8«/ 

PROCEDURE ; 

SUBSTR(U0SEL,*5t4)  =  «  101  •  I  I  SR;  /*  SR  =  SIGN  UF  RESULT*/ 

END; 

ShTU003f)NE:/*SET    UQ    BYTES    0-3    TO    ALL        'I'B    *7 

PROCEDURE ; 

SUBSTR(UOSEL» 1 , 32 ) = ( 32 ) • 1 • B ; 

END; 
VUUOO:      /'i^SELECT  V-BUS  DATA  BYTE  1  DIRECT  TO  U   BYTE  0  */ 

PROCEDURE;        

SUBSTR(UOSEL, 1,8) =SUBSTR(V, 11,8) ; 

END; 
VDU013:     /^SELECT  V-BUS  DATA  BYTES  2-4  DIRECT  TO  UO  BYTES  1-3-/ 

PROCEDURE; 

SUBSTR<U0SEL,9t8)=SUBSTR( V,21,8) ; 

SUBSTR(U0SEL,17,8)=SUBSTR( V,31,8) ;     

SUBSTR(UOSEL,2  5,8)=SUBSTR( V,41,8) ; 

END; 
V0U047:     /-SELECT  V-BUS  DATA  BYTES  1-4  DIRECT  TO  UO  BYTES  4-7*/ 

PROCEDURE; 

SUBSTR(U0SEL,33,8)=SUBSTR(V,11,8); 

SUBSTR(U0SEL,41 , 8  )  =  SUBSTR ( V , 2 1 , 8 ) ; 

SUBSTR(U0SEL,49,8)  =  SUBSTR( V,31,8) ;  ' 

SUBSTR(U0SEL,57,8)=SUBSTR( V,41,8) ; 

END: 
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2.2.8  LH-Register 
2.2.8.1  General 

The  LH-Register  (Lower  H  Register)  is  the  secondary  rank 
associated  with  the  UH-Register.   The  LH-Register  consists  of  8  bytes 
{6k   bits)  of  flip-flop  storage.   Since  this  register  is  loaded  from  only 
one  source  (the  true  outputs  of  the  UH-Register)  no  selector  gates  are 
required.   The  input  is  selected  and  loaded  under  control  of  the  signal 
UHDLH.   The  outputs  of  the  LH-Register  drive  the  inputs  to  the  US-Selector 
(LHL8UH  ,  LHLUUH,  LHRBUH,  LHRUUH,  LHLIUH) . 
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2.2.8.2  Implementation 

The  LH-Register  is  implemented  with  the  260-00  flip-flop 
board.   A  typical  position  is  shown  in  Figure  2.2.8.2.1. 

Relevant  detailed  drawings  are  as  follows:   228-01,  -02,  -03, 
-Oil,  -05,  -06. 
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Figure  2.2.8.2.1  -  Typical  Position  of  the  LH-Register 
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2.2.8.3      PL/1   Description  of   Signal   Names 
/^i'PL/l     UESCRIPTIUN    UF     SIGNAL     NAMES    RELEVANT     TO    LH    REGISTER*/ 


/^RELEVANT  DRAWING  NUMBERS:  228-0  1  ,-02  » -03  , -04, -05>, -06.  */ 

DECLARE  LH  B I T ( 6A ) ;  /♦TRUE  OUTPUT  OF  LH  REGISTER*/ 
UHDLH:       /*UH  direct  to  LH  (SAME  AS  LOAD  LH),  ALL  BYTES*/ 

PROCEDURE; 

CALL  UHDLHOl;  CALL  UHDLH23;  CALL  UHDLHAb:  CALL  UHDLH67 

__  END; 

UHOLHOT:    /*UH  DIRECT  TO  LH,  BYTES  0,1  */ 

PROCEDURE; 

SUBSTR(LHr 1 ,16)=SUBSTR(UH, 1,16); 

END; 
UHDLH23:    /-UH  DIRECT  TO  LH,  BYTES  2,3  */ 

PROCEDURE; 


SUBSTR(LH,17,16)=SUBSTR{UH,17,16) ; 

END; 
UHDLH45:    /*UH  DIRECT  TO  LH,  BYTES  4,5  */ 

PROCEDURE; 

SUBSTR(LH,33,16)=SUBSTR(UH,33,16) ; 

END;  

UHDLH67:    /*UH  DIRECT  TO  LH,  BYTES  6,7  */ 

PROCEDURE; 

SUBSTR(LH,49,16)=SUBSTR(UH,33, 16)  ; 

END; 
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2.2.9   LQ-Register 

2.2.9.1  General 

The  LQ-Register  (Lower  Q-Register)  is  the  secondary  rank 
associated  with  the  UQ-Register.   The  LQ-Register  consists  of  8  bytes  {6h 
bits)  of  flip-flop  storage.   Since  this  register  is  loaded  from  only  one 
source  (the  true  outputs  of  the  UQ-Register)  no  selector  gates  are  required. 
The  input  is  selected  and  loaded  under  control  of  the  signal  UQDLQ.   The 
outputs  of  the  LQ-Register  drive  the  inputs  to  the  UQ-Selector(LQL8UH,  LQLUUQ, 
LQR8UQ,  LQRUUQ,  LQLIUQ,  LQRIUQ) . 

2.2.9.2  Implementation 

The  LQ-Register  is  implemented  with  the  26O-OO  flip-flop  board.   A 
typical  position  is  shown  in  Figure  2. 2. 9.2.1.   Relevant  detailed  drawings 
are  as  follows:   229-01,  -02,  -03,  -Oi+ ,  -05,  -06. 
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Figure  2.2.9.2.1  -  Typical  Position  of  the  LQ-Register 
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2.2.9.3      FL/1   Description  of   Signal  Names 

/';=PL/1    DESCRIPTIUN    OF    SIGNAL    NAMES    RELEVANT    TO    LO    REGISTER    ^/ 
/-RELEVANT    DRAWING    NUMBERS:     229-0 lV-02 , -03, -04 , -05 , -06    */ 

DECLARE    LO    B I T ( 64 )  ;     /*TRUE    OUTPUT    OF    LQ    REGISTER    «/ 
UODLO:  /*U0    DIRECT    TO    LU    (SAME    AS    LOAD    LO),     ALL    BYTES*/ 

PROCEDURE; 

CALL  UODLOOl;  CALL  UODL023;  CALL  U0DL045;  CALL  U0DL067; 

END; 
UODLOOl:    /-UO  DIRECT  TO  LO,  BYTES  0,1*/ 

PROCEDURE; 

SUBS TR(L0,1, 16 )  =  SUBSTR(UO, 1,16) ; 

END; 
U0nL023:    /*U0  DIRECT  TO  LO   BYTES  2,3*/ 

PROCEDURE; 

SUBSTR(L0,17,16)=SUBSTR(U0,17,16) ; 

END; 
l)ODL04b:    /*U0  DIRECT  TO  LO,  BYTES  4,5*/ 

PROCEDURE; 

SUBSTR(L0,3  3,16)=SUBSTR(U0,3  3,16)  ; 

END;  

U0DL067:    /*U0  DIRECT  TO  LO,  BYTES  6,7*/ 

PROCEDURE; 

SUBSTR(L0,49,16)=SUBSTR(U0,49, 16) ; 

END; 
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2.3  V-BUS  Interface 
2.3.1  General 

All  operands  ajid  control  signals  from  a  Taxicrinic  Processor 
enter  an  AU  by  way  of  the  V-BUS.   The  'V  is  mnemonic  if  it  is  considered 
to  be  an  arrowhead  on  a  bus  entering  the  AU.   The  V-BUS  interface  con- 
sists of  line  terminator  boards,  inverters,  and  parity  check  logic. 

The  input  to  the  V-BUS  interface  is  driven  by  the  INBUS  local 
exchange  number  5  of  the  Exchange  Net.   The  INBUS  consists  of  five,  10-bit 
bytes.   The  bytes  are  designated  0  through  h.      The  bits  are  designated  0 
through  U9.   The  bits  of  the  V-BUS  (V. )  are  designated  1  through  50;  V 
corresponds  to  INBUS  bit  0,  etc.   The  byte  numbering  is  identical  for 
both  the  INBUS  and  the  V-BUS.   Byte  0  is  the  control  byte.   The  significance 
of  each  bit  of  the  control  byte  is  defined  in  the  next  section.   The 
remaining  bytes  each  consist  of  8  bits  of  data,  1  flag  bit  and  a  parity 
bit.   The  parity  bit  is  appended  to  each  byte  of  data  transmitted  over 
the  Exchange  Net.   The  parity  convention  is  such  that  the  sum  of  I's 
across  all  10  bits  should  be  an  odd  number. 

For  transmission  from  a  TP  to  an  AU  the  parity  of  each  byte  of 
a  data  word  is  checked  as  it  is  gated  into  an  AU  register.   If  a  parity 
error  is  detected,  an  indicator  is  set  in  the  AU  and  transmission  of  the 
operands  continues  to  completion.   The  AU,  however,  does  not  execute  the 
instruction  but  rather  requests  a  return  path  via  the  Exchange  Net  to 
the  appropriate  TP.   Bit  number  5  of  the  AU  OUTBUS  control  byte  (XT^) 
is  set  to  '1'.   The  data  word  sent  with  the  control  byte  is  all  zeros. 
The  AU  clears  and  resets  to  await  another  request.   The  TP,  having  been 
notified  of  the  parity  error,  signals  an  interrupt. 

Table  2.3.1.1  summarizes  the  format  of  the  V-BUS. 
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INBUS 
BIT  NO. 

0-9 


V-BUS 
BIT  NO, 

1-10 


10-17 

11-18 

18 

19 

19 

20 

20-27 

21-28 

28 

29 

29 

30 

30-37 

31-38 

38 

39 

39 

Uo 

hO-h-J 

lil-li8 

kQ 

U9 

h9 

50 

DESCRIPTION 

Control  byte  (See  Tables  2.3-2.1 
and  2.3.2.2) 

Data  bits  of  byte  1 
Flag  bit  of  byte  1 
Parity  bit  of  byte  1 
Data  bits  of  byte  2 
Flag  bit  of  byte  2 
Parity  bit  of  byte  2 
Data  bits  of  byte  3 
Flag  bit  of  byte  3 
Parity  bit  of  byte  3 
Data  bits  of  byte  h 
Flag  bit  of  byte  h 
Parity  bit  of  byte  h 


Table  2.3-1.1  -  Format  of  INBUS/V-BUS 
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2.3.2  Input  to  the  Arithmetic  Units  via  the  V-BUS 

The  structure  of  the  control  byte  which  is  sent  to  an  Arith- 
metic Unit  when  its  services  are  needed  is  shown  in  the  Table  2.3.2.1. 
A  brief  description  of  each  signal  names  is  given  in  Table  2.3.2.2. 
The  nomenclature  is  consistent  with  that  defined  in  File  No.  790,  "A 
Discussion  of  Illiac  III  Processor-Unit  Communication  via  the  Exchange 
Net".   Note  that  all  signals  are  transmitted  through  the  Exchange  Net 
in  the  logically  complemented  form. 

Assuming  that  the  reader  is  now  familiar  with  the  signal  names, 
the  next  section  describes  the  signal  sequencing  for  a  TP  to  AU  transmission. 

Having  recognized  the  need  for  an  AU,  a  TP  sets  PREN  =  "l"  with 
the  Unit  Address  bits  5-8  of  TP-EN  Inbus  Interface)  set  to  1111  =  15-,  p^- 
The  unit  address  must  be  valid  before,  and  100  nsec .  after,  PREN  =  1. 
One  hundred  nsec.  after  PREN  =  1  but  before  any  Til  signals  are  generated, 
the  unit  address  lines  are  changed  to  contain  instruction  variant  and 
number  type  information. 

Within  the  Exchange  Net,  the  TP  is  assigned  to  an  AU  and  the  TP 
identification  number  is  copied  into  the  assigned  AU  Identification  Register 
(contained  within  the  EN).   The  contents  of  this  register  are  used  by  the 
AU  in  returning  results  to  the  TP  which  requested  it. 

When  the  INBUS  path  to  an  AU  has  been  secured ,  the  Exchange  Net 
sends  a  reply,  ENRP  =  1,  back  to  the  requesting  TP.   Once  ENRP  =  1  the  TP 
may  transfer  information  to  the  AU  at  any  time  it  is  available.   The  TP 
transfers  operands  by  generating  a  sequence  of  Til  signals  TIIO,  Till,  TII2, 
TII3,  on  the  Til  line.   Associated  with  each  Til  signal  is  a  full  word  of 
data  and  one  control  byte  on  the  INBUS  which  must  be  valid  diaring  the  time 
each  Til  signal  is  valid.   The  initial  design  values  for  the  timing  rela- 
tionship between  vsLlid  data  and  the  Til  signals  are  given  in  Figure  2.3.2.U. 
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TP  -  EN 
Interface 


Exchange  Net   V-BUS     aU  -  EN 
INBUS  Bit  No.   Bit  Wo.    Interface 


PREN 

(none) 

Til  (Transfer  Information  In) 


IVO  =  UCO 

ivi  =  ucT 


IV2  =  UC2 


IV3  =--  UC3 


NTO  ^   UCU 


NTl  =  UC5 
(none) 


0 

1 
2 

PREN 

»  J^  * 

ENRU 

2 

3 

•  Til 

3 

h 

IVO 

U 

5 

IVI 

5 

6 

IV2 

6 

T 

IV3 

7 

8 

NTO 

8 

9 

10 

NTl 

*  5  * 

lAUO 

*Indicates  that  this  line  does  not  go  through  the  Exchange  Net. 


Table  2.3.2.1   -  iNBUS  Control  Bit  Assignment 
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Name 


Description 


Equivalent  Name  in 
AU  Documentation 
if  Different 


PREN  » 
ENRU  * 
Til  • 

IV 

n 

NT 
n 

UC  • 
n 


Processor  Requests  Exchange  Net 

Exchange  Net  Reply  to  Unit 

Transfer  Information  In 

Instruction  Variant,  Bit  n 

Number  Type ,  Bit  n 

Unit  Command,  Bit  n 
(These  bits  are  assigned  to 
instruction  variant  and  number 
type  bits  as  shown  in  Table  1.5.2, 


AU  Request 


In  Info  Ready 


lAUO 


Interrupt  AU  0 


Interrupt 


♦Standard  Signals  used  in  control  bytes  for  all  Processors  and  Units. 
See  DCS  File  No.  790. 


Table  2.3.2.2   -  Description  of  INBUS  Control  Signals 
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Data  Valid  at 
EN  -  AU 
Interface 


TIIO 


FIRST  DATA  WORD: 
300  ns  


2li0 


ns 


^^°  "=>' 


Data  Valid  at 

EN  -  AU 
Interface 


Til  n 
for  n  >  0 


SUCCEEDING  DATA  WORDS: 
220  ns 


l60  ns 


^0  ns 


Eigiire  2.3-2.1 


Relative  Timing  Between  Valid  Data 
on  INBUS  and  Til 
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Data  must  be  valid  longer  for  the  first  transmission  since  the  instruc- 
tion variant  ernd  number  type  must  be  decoded  prior  to  the  loading  of  the 
data  (the  IV  and  NT  codes  are  given  in  Figure  2. 3 -2. 3-   This  initial 
transmission  case  is  illustrated  at  the  top  of  Figure  2.3.2.i+.   The 
timing  for  all  successive  transmissions  is  shown  at  the  bottom  of  this 
figure.   In  both  cases,  the  data  must  remain  valid  at  least  60  nsec.  after 
the  Til  is  turned  off.   The  minimum  interval  required  between  successive 
Til  pulses  is  only  about  20  nsec.,  however  in  practice  the  TP  cannot 
supply  operands  this  rapidly.   There  are  no  bounds  on  the  maximum  dura- 
tion of  this  interval.   It  is  anticipated  that  emperical  fine-turning 
will  reduce  these  diiration  requirements  by  50%. 

With  the  exception  of  POLY,  the  AU  knows  how  many  transmissions 
to  expect  based  upon  a  decoding  of  the  order  (IV  and  NT).   When  the  correct 
nianber  has  been  received,  the  AU  begins  execution.   In  the  case  of  POLY, 
the  TP  must  maintain  the  count  of  the  number  of  coefficients  sent.   The 
last  coefficient  is  sent  to  the  AU  with  the  IV  field  all  I's.   When  the 
last  Til  signal  goes  to  0,  the  TP  releases  the  INBUS  by  setting  PREN  =  0. 
The  Exchange  Net  in  turn  sets  the  TP's  ENRP  =  0. 

The  remaining  signal  in  Table  2.3.2.1  to  be  discussed  is  lAUO. 
This  interrupt  line  is  used  in  the  case  in  which  both  AU's  are  perfomiing 
POLY  orders  in  conjunction  with  two  TP's  and  a  third  TP  requires  the  use 
of  an  AU  for  a  non-POLY  order.   In  this  case,  the  Exchange  Net  will  set 
lAUO  =  1  to  interrupt  AU  number  0.   This  unit  will  then  return  a  partial 
result  to  the  calling  TP  and  next  accept  the  pending  non-POLY  order.   The 
TP  holding  the  uncompleted  POLY  will  initiate  a  request  to  the  EN  for  an 
AU  to  complete  the  work  and  the  request  will  be  granted  when  either  AU  is 
free. 
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2.3.3   Implementation 

Figure  2.3.3.1  is  a  "block  diagram  of  the  V-BUS  Inter- 
face.  The  relevant  detailed  logic  drawings  are  230-01,  -02,  -03,  -OU, 
-05. 
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V-BUS 
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(V,9.V29,V39.V49) 
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Figure  2.3.3.1  -  Block  Diagram  of  V-BUS  Interface 
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2.3.^     PL/1  Description  of  Signal  Names 

/-PL/1    DESCRIPTION    OF    SIGNAL    NAMES    RELEVANT    TO    V-BUS*/ 

/-RELEVANT    DRAWING    NUMBERS:     2 30-0 1 t-02 , -03 , -04 , -05*/ 

DECLARE    V       BIT(50);/*    INPUT    BUS    FORM    EXCHANGE    */ 

DECLARE    ES    B I T ( 50  )  ; /^EXCHANGE    SYSTEM    BUS*/ 

DECLARE    PE    ENTRY    RE  TURN ( B I T { 1  )  ) 
bSnv:  /^EXCHANGE    SYSTEM    DIRECT    TO    V-BUS*/ 

/*THIS    SIGNAL     IS    ALWAYS     '  1  '  B_J^ 
Pb:  PROCEDURE    B I T ( 1 )  ; /*PAR I TY    ERROR    DETECT    ACROSS    BYTES 

1-4    OF    V-BUS*/ 

/^RELEVANT    DRAWING    NUMBERS:     230-03,-04*/ 

DECLARE     (PE1,PE2,PE3,PE4)     BIT(l), 

PE1  =  PE2  =  PE3  =  PE4=  « 1 ' 3; 

DO    1=    1     TO    10;     /*SUM    OF     1«S     IjnJ    EJ\CH    BYTE    MUST    B^UDD*/ 

IF  SUBSTR(V»10+I  tl)  THEN  PE1=  -.PEl; 

IF  SU6STR(V, 20+1,1  )  THEN  PE2=  -.PE2; 

IF  SUBSTR(V,30+I  ,1  )  THEN  PE3=  -.PE3; 

IF  SUBSTRI  Vt40,  I  t  1  )  THEN  PE4=  ■^PE4;  END; 

RETURiM     (PE1|PE2|PE3|PE4|); 

END; 


\ 
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2.U  XT-BUS  Interface 
2.U.1  General 

All  resiilts  and  control  signals  from  an  arithmetic  unit  are 
transmitted  by  way  of  the  XT-BUS  (eXiT  Bus).   The  XT-BUS  interface  con- 
sists of  selectors,  parity  generation  logic  and  line  drivers. 

The  output  of  the  V-BUS  interface  drives  the  OUTBUS  of  local 
exchajige  number  5  of  the  Exchange  Net.   The  OUTBUS  consists  of  five,  10- 
bit  bytes.   The  bytes  are  designated  0  through  h.      The  bits  are  designated 
0  through  U9.   The  bits  of  the  XT-BUS  (XT.)  are  designated  1  through  50; 
XT  corresponds  to  OUTBUS  bit  0,  etc.   The  byte  numbering  is  identical 
for  both  the  OUTBUS  and  the  XT- BUS.   Byte  0  is  the  control  byte.   The 
significance  of  each  bit  of  this  control  byte  is  defined  in  the  next 
section. 

For  transmission  from  an  AU  to  a  TP,  the  parity  of  each  byte 
is  generated  in  the  AU  immediately  prior  to  being  placed  on  the  OUTBUS. 
The  parity  convention  is  such  that  the  sum  of  I's  across  all  10  bits  is 
aji  odd  number. 

Table  2.U.1.1  summarizes  the  format  of  the  XT- BUS ^ 

OUTBUS  XT-BUS 

BIT  NO.         BIT  NO.  DEFINITION 

0-9  1-10  Control  byte  (see  Tables 

2.U.2.1  and  2.1+.2.2). 
Data  bits  of  byte  1 
Flag  bit  of  byte  1 
Parity  bit  of  byte  1 
Data  bits  of  byte  2 
Flag  bit  of  byte  2 
Parity  bit  of  byte  2 
Data  bits  of  byte  3 
Flag  bit  of  byte  3 
Parity  bit  of  byte  3 
Data  bits  of  byte  h 
Flag  bit  of  byte  k 
Parity  bit  of  byte  k 

Table  2.U.1.1  -  Format  of  OUTBUS/XT-BUS 
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10-17 

11-18 

18 

19 

19 

20 

20-27 

21-28 

28 

29 

29 

30 

30-37 

31-38 

38 

39 

39 

ho 

U0-U7 

1*1-1+8 

U8 

U9 

i*9 

50 

The  XT-BUS  Interface  includes  selectors  which  select  the  data 
to  be  placed  on  the  OUTBUS.   The  selectors  signals  are  described  verb- 
ally below  and  defined  in  detail  in  Section  2.i|.U. 


Signal  Name 
EULDXT 


Description 

Select  the  sign  of  the  result 
(SR),  the  exponent  of  the 
result  (contents  of  EUL) ,  and 
the  first  flag  bit  (FA  )  into 
XT,  byte  1 


UQODXT  Select  byte  0  of  the  UQ-Register 

and  the  first  flag  bit  (FA  ) 
into  XT,  byte  1. 

UQ13DXT  Select  bytes  1  through  3  of  the 

UQ-Register  and  flag  bits  2 
through  h    (FA  -FA,  )  into  XT, 
bytes  2  through  k. 

UQUTDXT  Select  bytes  k   through  7  of  the 

UQ-Register  and  flag  bits  5 
through  8  (FA  -FAq)  into  XT, 
bytes  1  through  h. 

The  output  of  the  XT  Selector  may  be  thought  of  as  four,  nine 
bit  bytes.   Parity  bits  are  generated  for  each  byte  and  become  XT   ,  XT   , 
XT.   and  XT   .   The  entire  50  bits  of  the  XT- BUS  (including  the  10  con- 
trol bits)  are  gated  to  the  Exchange  System  (onto  the  OUTBUS )  under  con- 
trol of  the  signal  XTDES . 
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2.U.2  Output  from  the  Arithmetic  Units  via  the  XT-BUS 

The  structure  of  the  control  byte  which  is  returned  to  a  TP 
from  an  AU  is  shown  in  Table  2.U.2.I.   A  brief  description  of  each 
signal  name  is  given  in  Table  2.i+.2.2.   The  nomenclature  is  consistent 
with  that  described  in  Department  of  Computer  ticieuce  File  Ho.  7^0. 


When  the  AU  has  results  to  return  to  the  calling  TP,  the  signal 
UREN  is  set  to  1  and  the  EN  makes  a  path  to  the  TP  specified  into  the  AU 
Processor  Identification  Register.   This  register  contains  the  identifica- 
tion number  of  the  TP  that  last  accessed  the  AU.  When  the  return  path  is 
made,  ENRU  (in  the  INBUS,  Table  2.3.2.1)   is  set  to  1.   The  AU  may  then 
transfer  information  by  placing  valid  data  on  the  0UTBUS  and  generating 
the  appropriate  sequence  of  TI0  signals.   An  AU  returns  either  1  or  2  words 
When  the  last  TI0  signal  goes  to  0,  the  AU  may  release  the  0UTBUS  by 
setting  UREN  =  0.   The  Exchange  Net  will  then  set  the  AU's  ENRU  =  0. 

When  AU  #0  is  interrupted  during  a  POLY  order,  the  partial 
result  will  be  returned  to  the  TP  as  described  above  except  that  MCI  =  1, 
indicating  that  the  order  has  not  been  completed.   The  fact  that  AU#0  was 
executing  a  POLY  order  is  transmitted  to  the  Ei:change  Net  by  \JM.C  -    1. 

If  a  Unit  Malfunction  such  as  low-voltage  is  detected  in  the 
course  of  executing  an  AU  order,  UM  will  be  set  to  1.   An  error  in  the 
result  caused  by  improper  format  of  operands  or  results  out  of  bounds  will 
set  the  BR  (Bogus  Result)  bit.   A  more  specific  indication  of  the  nature 
the  error  condition  is  given  by  the  flags  of  result. 

The  signal  UB  is  set  to  1  by  the  AU  as  soon  as  the  pending  AU 
order  is  decoded.   Being  a  1 ,  it  prevents  the  Exchange  Net  from  assigning 
it  to  another  AU  prior  to  completion  of  the  present  order. 
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TP  -  EN 
Interface 


Exchange  Net   XT-BUS   AU  -  EN 
0UTBUS  Bit  No.  BIT  NO.   interface 


UREN 

ENRP 

TI0 

UB  = 

USO 

UM  = 

USl 

UPE  = 

=  US2 

UMC  = 

=  US3 

MCI  = 

=  usU 

BR  =  US5 
(none) 


0 

1 

UREN 

*  1  * 

2 

(none) 

2 

3 

TI0 

3 

k 

UB 

k 

5 

UM 

5 

6 

UPE 

6 

7 

US3  =  UMC 

T 

8 

USU  =  MCI 

8 

9 

US5  =  BR 

*  9  * 

10 

(none) 

*Indicates  that  this  line  does  not  go  through  the  Exchange  Net. 


Table  2.U.2.I.  _  0UTBUS  Control  Bit  Assignment 
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Name 

UREN* 

ENRP* 

TI0 

UB 

UM 

UPE 

UMC 

MCI 


BR 


US  * 
n 


Description 

Unit  Requests  Exchange  Net 
Exchange  Net  Reply  to  Processor 
Transfer  Information  Out 
Unit  Busy- 
Unit  Malfunction 
Unit  Parity  Error 
Unit  Multi-Cycle 

Multi-Cycle  Interrupt  (to  notify 
TP  that  the  AU  it  has  been  using 
has  been  interrupted). 

Bogus  Result 

(Indicates  to  the  TP  that  the 
result  is  incorrect.   The  TP 
determines  the  nature  of  the 
error  from  the  flags  of  in- 
correct result ) . 

Unit  Status ,  Bit  n 
(These  standard  signals  are 
assigned  to  specific  status 
signals  as  shown  in 
Table  2.i+.2.1 


Equivalent  Name  in 

AU  Documentation 

if  Different 

Exchange  Request 


Out  Info  Ready 


Parity  Error 
Multi-Cycle  in  Progress 


*Standard  signals  used  in  the  control  bytes  of  all  Processors  and 
Units.   See  DCS  File  No.  790. 

Table  2.U.2.2 
Description  of  OUTBUS  Control  Signals 
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When  improper  parity  occurs  in  any  words  of  the  operands, 
a  flip-flop  is  set  but  loading  of  the  operands  continues.   On 
completion  of  the  loading,  the  AU  does  not,  however,  begin  executing 
the  order.   It  rather  jumps  to  the  0UTBUS  sequence  and  returns  a  one 
word  pseudo  result  (all  O's)  to  the  calling  TP  with  the  UPE  bit  set 
to  1.   The  AU  will  then  reset  as  if  the  order  had  been  successfully 
completed.   The  TP  will  initiate  appropriate  recovery  action  which 
may  include  reattempting  execution  of  the  order. 
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2.U.3  Implementat  ion 

Figvire  2.U.3.1  is  a  block  diagram  of  the  XT-BUS  Interface. 
The  relevant  detailed  logic  drawings  are  2UO-OI,  -02,  -03,  -Oh.      The 
selector  gates  are   implemented  with  two  boards  of  235-00  (6  gates  per 
board)  and  three  boards  of  29^-00  (8  gates  per  board). 
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2.U.U      PL/1   Description  of  Signal   Names 
/«PL/1    DESCRIPTION    OF    SIGNAL    NAMES    RELEVANT    TO    XT-BOS*/ 


/^RELEVANT  DRAWING  NUMBERS:  2^0-0 1 ,-02 t -03 , -04* / 

DECLARE  XT  B  I  T ( bO )  ; /^OUTPUT  OF  XT  (EXIT)  BUS  SELECTOR*/ 

DECLARE  (PARPIT1,PARBIT2,PARBIT3,PARBITA)  ENTRY 
RETURN(BITI  1 )  )  »TEMP  BIT( 1  )  ; 
bULDXT:     /*  bUL  REGISTER  TO  XT-BUS  BYTE  1*/ 

PROCEDURE; 

SUBSTR(XT,ir,9)=SR| lEUL; 

SUBSTR( XT,20,l)=PARBITl; 

END: 
PARBITI:    PROCEDURE  BIT(l);  K=10;  GO  TO  START; 
PARBIT2:    PROCEDURE  BITd);  K  =  20;  GO  TO  START; 

PARBIT3:    PROCEDURE  BIT(l);  K=30;  GO  TO  START;  

PARBIT4:    PROCEDURE  BIT(I);  K=40; 
START:      TEMP='1'B; 

DO  1=1  TO  9;  /*  SUM  OF  I'S  ACROSS  10  BITS  IS  ODD*/ 

IF  SUBSTR( XT,K+I , 1 )  THEN  TEMP=^TEMP;  END; 

RETURN  (TEMP); 

END;  

UOODXT:     /*  UO-REGISTER  BYTE  0  TO  XT  BUS  BYTE  1  */ 

PROCEDURE; 

SUBSTR(XT,11,9)  =SUBSTR(UO, 1,8)1 |SUBSTR( FA, 1 t 1 ) ; 

SUBSTR( XT,20, 1 )  =PARBIT1; 

END; 
U013DXT:    /*  UO-REGISTER  BYTES  1-3  TO  XT  BUS  BYTES  2-4*/ 

PROCEDURE; 

SUBSTR( XT,21,9)  =  SUBSTR(U0,9,8)  I  I SUBSTR ( FA , 2 , 1 ) ; 

SUBSTR( XT,30,1)=PARBIT2; 

SUBSTR(XT,31,9)=SUBSTR(U0,17,8)||SUBSTR(FA,3,1); 

SUBSTR(XT,40,1)=PARBIT3; 
_   SUBSTR ( XT,41,9)=SUBSTR(UQ,2  5,8) I | SUBSTR ( FA, 4, 1 ); 

SUBSTR( XT,50,1)=PARBIT4; 

END; 
U(J47DXT:    /*  UO-REGISTER  BYTES  4-7  TO  XT-BUS  BYTES  1-4*/ 

PROCEDURE; 

SUBSTR (XT, 11, 9)  =SUBSTR ( UO, 33 , 8 ) | | SUBSTR ( FA , 5, 1 ) ; 

SU8STR(XT,20,1)  =PARBIT1; 


SUBSTR (XT, 21, 9)  =SUBSTR ( UO, 41 , 8 ) | | SUBSTR ( FA , 6, 1 ) ; 

SUBSTR( XT,30, 1 )  =PARBIT2; 

SUBSTR(XT,3I,9)  =SUBSTR ( UO , 49 , 8 ) | | SUBSTR ( FA , 7 , 1 ); 

SUBSTR(XT,40, 1)  =PARBIT3; 

SUBSTR (XT, 41, 9)  = SUBSTR ( UO , 57 , 8 ) | |SUBSTR(FA,8,1); 

SUBSTR( XT,50,1)  =PARBIT4; 

'END; 

XTDES:  /*    EXIT    BUS    SELECTOR    OUT    DIRECT    TO    EXCHANGE    SYSTEM*/ 

PROCEDURE; 
ES  =  XT 
END; 
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2. 5  Signed-Digit  Subtracters 
2.5.1  General 

Multiplication  is  substantially  accelerated  by  the  use  of  a 
carry-save  adder  which  eliminates  carry  or  borrow  propagation  until  a 
terminal  step.   This  consideration  is  central  to  the  design  of  the  adder- 
subtracter  of  Illiac  III. 

The  "adder"  used  in  Illiac  III  is  actually  a  signed-digit  sub- 
tracter:  it  includes  the  facility  for  postponing  borrow  propagation.  As 
will  be  shown,  this  device  will  perform  both  addition  and  subtraction. 

Each  stage  of  the  signed-digit  subtracter  (SDS),  as  shown  in 

Figiire  2.5.1.1  is  a  3-input ,  2-output  device  together  with  an  interstage 

connection,  a  "NEG"  control  line,  and  the  G-control.   Here  Y.  is  a  bit  of 

1 

the  subtrahend  (minuend  -  subtrahend  =  difference)  in  conventional  binary 
form.   S.  and  X. ,  together  comprise  the  minuend  digit  in  a  redundant  nota- 
tion which  will  be  referred  to  as  SD  format.   Each  digit  of  the  minuend  is 
of  the  form  S.X. ,  where  X.  is  interpreted  as  a  magnitude,  1  or  0,and  S.  as 
a  sign,  0  =  +,  1  =  -.   The  SD  format  digits  are  therefore  represented  as 
follows : 


h 

X. 

1 

Digital  Value 

0 

0 

+0 

0 

1 

+1 

1 

0 

-0 

1 

1 

-1 

The  output  of  the  subtracter  is  in  this  same  SD  format,  i.e.  Z. 
is  the  magnitude  of  the  digit,  T.  is  the  sign. 
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Subtrahend  Minuend 


Ci. 


i-1 


Yi 


V         ^f          w 

^ 

< 

POSITION  i 

4 

4 

NEG 

Ci 
G 


Difference 


S.  =  sign  of  minuend  digit 

X.  =  magnitude  of  minuend  digit 

Y.  =  subtrahend  in  conventional  binary  form 

T.  =  sign  of  difference  digit 

Z.  =  magnitude  of  difference  digit 


NEG  =  control  to  complement  T. 

If  NEG  =  1  then  T.  is  complemented,  else  not 

G  =  gate  on  interpositional  connections 

C.  =  interpositional  connection 


T.      =  C.    ®  NEG 
1  1 

Z.      =   C.    ®  X.    ®  Y. 

1  111 

C.    ,    =    (S.    X.    V  X.    Y. )        G 
1-1  11  11 

C.    =      (S.    ,    X.    ,    V  X.    ,    Y.    ,  ) 
1  ^    1+1      1+1  1+1      1+1' 


Figure  2.5.1.1  -  Typiceil  Position  of  a  Signed-Digit  Subtracter 
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C.  and  C._  are  interstage  connections.   As  may  be  seen  from  the 
logical  equation,  these  are  not  propagating  borrows. 

G  is  a  gate  signal  which  is  normally  "l"  when  the  SDS  is  adding 
or  subtracting.   When,  however,  it  is  necessary  to  pass  data  through  SDS 
without  changing  its  form,  G  is  set  to  "O". 

SDSl,  SDS2,  SDS3  and  SDSU  on  the  block  diagram.  Figure  2.1.1.1 
are  signed-digit  subtracters. 

NEG  is  a  control  signal  which  when  equal  "l"  complements  T. , 
thus  negating  the  output  of  the  subtracter.   Consider  a  subtracter  composed 
of  several  of  the  SDS  stages  shown  in  Figure  2.5.1.1.   Let 

Y  =  the  value  of  the  subtrahend  in  conventional  form. 
X*  =  the  value  of  the  minuend  in  SD  format. 
Z*  =  the  value  of  the  difference  in  oD  format. 

With  NEG  =  "0",  the  device  is  truly  a  subtracter  and  Z*  =  X*  -  Y. 
With  NEG  =  "1",  the  output  is  negated,  thus  Z*  =   -(X*  -  Y).   Note  now  that 
if  complementing  circuits  are  added  to  the  S.  inputs  so  that  both  X*  and  Z* 
may  be  negated,  Z*  =  -(-X*  -  Y)  =  X*  +  Y,  and  the  device  is  adding.   Actually 
the  negating  circuits  for  X  are  not  included  in  the  subtracter,  per  se.   The 
same  reSTjlt  is  achieved  by  gating  the  complement  of  S  from  the  S-input  register, 
or,  when  the  subtracters  are  cascaded,  by  negating  the  previous  stage  output. 

Before  the  results  formed  by  an  SDS  can  be  returned  to  a  TP  they 
must  be  assimilated  into  conventional  form.   This  assimilation  actually 
requires  a  borrow  propagation  and  is  described  in  Section  2.7,  Propagation 
Logic. 
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2.5«2   Implementation 

Figure  2.5-2.1  is  a  logic  drawing  of  one  half  of  the  1018-275-00 
PC  csird  with  which  the  SDS  is  actually  implemented.   The  other  half  is 
identical.   The  signal  names  are  noted  and  are  defined  in  the  same  way  as 
those  of  Figure  2.5"1'1  except  that  NEG  is  replaced  by  N;  C.  is  replaced  by 
CIN,  and  C.    is  replaced  by  GOUT. 

Additional  hardware  is  appended  to  position  1  (the  high-order 
position)  of  each  subtracter.   This  hardware  is  necessary  to  correct  a 
bogus  overflow  condition  which  arises  from  the  redundant  nature  of  the 
signed-digits.   The  problem  arises  when  the  input  to  position  1  is  1,  i.e. 
when  S^  =  1,  X  =  1.   In  this  case,  without  the  correction  the  output  of 
position  1  and  position  0  will  be  Z*  =  1,  Z*  =  1  or  Z*  =  1,  Z*  =  1.   But 
since  the  0th  position  is  not  implemented  a  high  power  of  2  would  be  lost. 
The  result  would  be  algebraic  equivalent,  however,  if  the  Z*  were  lost  and 
the  sign  of  Z*^  complement.   This  is  what  is  done.   If  S  X  =1,  then  T  is 
complemented.   The  logic  equation  for  the  sign  bit  output  for  position  1  is 
therefore 

T  =  (N  ®  GIN  )  ®  S  X 

It  is  important  to  implement  this  logic  without  introducing  additional 
propagation  delay  in  the  first  position.  We  now  denote  the  T  output  of  the 
subtracter  card  (1018-275-00)  as  TI   (T  Intermediate).  As  TI  is  formed  in 
the  275  logic,  TI  ,  S  X  and  S  X  are  formed  in  the  special  logic: 


^l  =  "l  hh     ^     ''h  S^X^  =  TI^  »  S^X^ 


The  bogus  overflow  correction  logic  is  shown  in  Figure  2.5-2.2. 

Detailed  logic  for  the  signed-digit  subtracters  is  shown  in 

Drawing  Nos.  250-01,  -02,  -03,  -OU,  -05,  -06,  -07,  -08,  -09,  -10,  -11. 
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N    CINj        N   CINj  S^   X^ 


yL 


y 


o 


S,X 


1^1 


Tjl 


Si  x^ 


y 


SiX 


1^1 


S^iJ?" 


NOTES;    1.   ALL   NANDS    ARE     241-00 

2.  Til    IS    THE  Ti     OUTPUT    FROM    275-00   FOR    1st 
POSITION. 

3.  DETAILED    LOGIC   ON    DRAWING    NO.  250-11 


Figure  2.5-2.2  -  SDS  Bogus  Overflow  Correction  Logic 
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2.7  Propagation  Logic 
2.7.1  General 

A  result  produced  by  the  signed-digit  subtracters  is  in  a  redundant 
form  which  must  be  assimilated  into  a  conventional  form  before  being  trans- 
ferred to  the  UQ-Register  and  returned  to  the  calling  TP. 

This  assimilation  is  accomplished  via  the  propagation  logic  and 
subtracter  k.      The  inputs  to  the  propagation  logic  are  the  outputs  of  sub- 
tracter 1,  Tli  and  Zli  (i=l,  2,  ...,  6h) .      The  outputs  of  the  propagation 
logic  are  the  P.  bits.   These  are  gated  into  Y,  ,  (the  Y-input  to  subtracter 
k)   by  selecting  the  signal  PDYU  of  the  M-Shift  Array. 

During  assimilation  control  signals  G2,  G3,  Gk   of  subtracters  2,3,^+, 
respectively,  are  set  at  '0'.   This  setting  permits  the  magnitude  bits  of  the 
output  of  subtracter  1,  Zl  to  propagate  through  subtracters  2  and  3  unaltered. 
Subtracter  k   with  Gi+  =  0  produces  the  exclusive  OR  between  the  Z  (magnitude) 
bits  and  the  output  of  the  propagation  logic,  P  bits,  to  produce  the  assimi- 
lated result  at  the  output  of  subtracter  h,    i.e.  on  Zk.      The  Tk    (sign)  bits 
have  no  significance.   The  zk   output  is  then  gated  into  the  LM-Register . 

The  P  bits  formed  by  the  propagation  logic  are  defined  by  the 
following  recursive  relationship: 


P.  ,  =  P.  Zl.  V  Zl.   Tl. 
1-1    11     11 

with      i  =  6k,   63,  ...,  1;  P^,  =  0 

Now  consider  the  logic   equations  for  the   signed-digit   subtracter  a 
as   defined  in  Figure  7-3.7'^'l-      For  the   fourth  subtracter 

Zk.    =   C.    9)    {Xk.    <B  Yk.) 
11  1  1 

C.    =   0   with  Gi+   =   0 

1 

Thus  Zk.    =  XU.    ®  YU. 

Ill 
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But  since  PDYU  is  set,  YU.  =  P.  and  since  G2  =  G3  =  0  then  XU .  =  Zl.,  thus 

11  11 

zU.  =  Zl.  e  P. . 
Ill 

ZU  becomes  the  result  in  conventional  form. 

The  P.  bits  are  defined  recursively^ which  implies  that  we  are  in- 
volved with  ^  propagation,  actually  a  borrow  propagation.   The  most  straight- 
forward implementation  would  merely  allow  the  borrows  to  ripple  to  the  left. 
Once  P.  was  determined,  P.  ,  would  be  known  in  two  collector  delays  using 
Illiac  III  DTL  logic.   Assuming  a  conservative  estimate  of  20ns  per  collector 
del;.y,  the  worst  case,  the  formation  of  all  6h   bits  would  require  63  x.  hO  = 
2520  ns ,  or  about  2.5  usee.   This  is  an  unacceptable  fig\are. 

The  situation  may  be  greatly  improved  by  the  use  of  lookahead. 
The  techniques  involves  the  expansion  of  the  equation  for  P. ,  for  example. 


''63  =  ^61.  ^hk  ^  ^hk   ^161, 


^62  -  ^3  ^hz  "   ^^63  ^^63 


Substituting  the  first  equation  into  the  second  yields 


""62   =  PgU  ^h3     '■hh   ^  ^hk  ''hk   2^63  "  "^63  ^^63 


In  this  new  form,  assuming  P^,  is  given,  both  P^  and  P^-  may  be  formed  in 
parallel.   This  technique  may  be  continued,  however,  successive  logic 
equations  become  increasingly  complex  and  shortly  reach  a  limit  set  by  hard- 
ware constraints. 

In  Illiac  III  full  lookahead  is  generated  across  groups  of  h   bits, 
Lookahead  at  a  higher  level  is  then  performed  across  groups  of  these  k   bit 
groups.   Finally  lookahead  at  a  third  level  is  used  across  the  second  level 
groups.  We  will  now  elaborate  on  this. 
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2.7-2     First-Level  Logic   Equations 

Assume  that  P  ,.,  is  know 
n+1 

P  ^  and  P  _  in  parallel.   Let  T.  stand  for  Tl.  and  Z.  stand  for  Zl. ,  then 
n-2      n-3  i  i      i  i 


Assume  that  P  ,^  is  known  and  that  we  wish  to  determine  P  ,  P  ,  , 
n+1  n   n-1 


^n  "  \+l   \+l  ""   ^n+1  ^nH 


P  ^=TZ  vZ  T_^ZvZ  Z^^P_^^ 
n-1    n  n    n  n+1  n+1    n  n+1  n+1 


P  ^   =  T      ^Z   .vZ   ^TZ  vZ   ,Z  T_^^Z_^^ 
n-2    n-1  n-1    n-1  n  n    n-1   n  n+1   n+1 


V  Z   ^  Z   Z  ^,  P  ^^ 
n-1  n  n+1  n+1 


P   ^  =  T  ^Z   _vZ   ^T    Z   ^vZ   ^Z   ^T  Z 
n-3    n-2  n-2    n-2  n-1  n-1    n-2  n-1  n  n 


vZ   ^Z   ^Z  T^,  Z^,  vZ   ^Z  ,Z   Z^,  P^, 
n-2  n-1  n  n+1  n+1    n-2  n-1  n  n+1  n+1 


P  _  =  T   ^Z   ^vZ   _vZ   ^T   ^Z   .vZ  ^Z    T   Z 
n-3    n-2  n-2    n-2    n-2  n-1  n-1    n-2  n-1  n  n 

1 5 

vZ   -Z   -Z  T^^"^^^ 
n-2  n-1  n  n+1  n+1, 
S i 


J 


PG  _ 
n-3 


vZ   _Z  ^Z  Z_^,  P_^, 
,  n-2  n-1  n  n+l,  n+1 


PP 


n-3 
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Now 


consider  the  expression  for  P  _.   Let  P  _  =  PG 

n-i        n-i  n-5 


pp     p    where  PG  ^  is  the  first  h   terms  of  P  ^  and  PP  _  is 
n-3   n+1        n-3  n-3       n-3 


the  last  term  less  the  variable  P 


n+1' 


PG  ^  will  be  1  if  it  is  generated 
n-3  


by  the  positions  P^_^   through  Z^_^^  and  T^_^   through  T^^^.  P^^_2   "^11  ^^ 


true  if  Z  ^  through  Z  ,  are  all  zero.   This  condition  will  propagate 
n-2         n+1 

^n+l'  ^•"-  '^  ^^n-3  =  ^'  ^^^^  "^11-3  =  ^n+l'   ^°^^  ^^^^  ^^3  ^^  ^^3 
mutually  exclusive.   Furthermore  neither  is  a  function  of  P^^.-j_' 


We  now  define  the  logic  for  a  first  level  lookahead  group  to  be  a 
box  with  inputs  and  outputs  as  shown  in  Figure  2.7-2.1  and  satisfying  the 
first  level  logic  equations  derived  above. 


PPI  PGI„    , 

n-3  .n-3 


(THE     I    DENOTES     FIRST    LEVEL    OUTPUT 
AS    OPPOSED   TO    SECOND   LEVEL.) 
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n  +  1 


Figure  2.7.2.1  -  First  Level  Lookahead  Group 
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In  Illiac  III  there  is  one  first  level  group  for  each  foior 
hits  of  the  6k   bit  output  of  subtracter  1.   Specific  replications  of 
the  first  level  group  are  generated  by  letting  n  assume  the  values  3,  T: 
11,  15,  19,  23,  27,  31,  35,  39,  ^+3,  U?,  51,  55,  59,  63.  F^^   =  0. 
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2.T.3  Second  Level  Logic  Equations 

Now  consider  four  eidjacent  first  level  groups .   The  PG  and  PP 

outputs  will  be  designated  PG  _,  PG  „,  PG  ,^,  PG  ,^  and  PP  ^,  PG  ^, 
'^  ^       n-3    n-T    n-11    n-15       n-3    n-T 

PG  ,  T  ,  PG  -  J,  and  PP  , ,  PG  „ ,  PG  , ,  ,  PG  ,  ^ .   As  defined  in  the  last 
n-11    n-15       n-3    n-7    n-11    n-15 

section 


P  ,  =  PG  -  V  PP  _   P  _^, 
n-3     n-3     n-3   n+1 


Similarly, 

P  „  =  PG  „  V  PP  „  P   _  =  PG  „  V  PP  _  PG  _  V  PP  „  PP   ^  P  ^, 
n-7     n-T     n-T   n-3     n-T     n-T   n-3     n-T   n-3  n+1 

P  ,,  =  PG  ,-,  V  PP  ,,  PG  „  V  PP  ,,  PP  „  PG  _ 
n-11     n-11     n-11   n-T     n-11   n-T   n-3 

V  PP  ,-  PP  „  PP  ,  P  ^, 
n-11   n-T   n-3  n+1 

P  , c  =  PG   , ^  V  PP  _  PG  , ,  V  PP  _  PP  , ,  PG  _ 
n-15   I   n-15     n-15   n-11     n-15   n-11   n-T 

' ^ 5S 

PG2   _ 
n-15 

V  PP  _  PP  . .  PP  _  PG  „  V  PP  _  PP  , ,  PP  ^  PP  ,  P  ^, 
n-15   n-11   n-T   n-3,  ,   n-15   n-11   n-T   n-3,  n+1 

' 1 

PP2   _ 
n-15 

As  with  the  first  level  logic  we  now  separate  the  propagated  and 

generated  parts  of  the  expression  for  P  ,^.   Thus, 

n-15 

P„  ,^  =  PG2  ,^  V  PP2   ,^  P  , 
n-15      n-15      n-15   n+1 
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PP2n.,5  PG2,.,5 


Pn- 


n-ii 


n-7 


SECOND  LEVEL  LOOKAHEAD  GROUP 


Pn-3 


n  +  I 


PG„   PG„  ^P6_  „PG„  ,^  PP„  , 
n-3   n-7   n-ii   n-15   n-3 


PP 
n-7 


PP, 


n-ii 


PP. 


n-i5 


Figure  2.7.3.1  -  Second  Level  Lookahead  Group 


We  now  define  the  logic  for  a  second  level  lookahead  group  to  be 
a  box  with  inputs  and  outputs  as  shown  in  Figure  2.7.3.1  and  satisfying  the 
second  level  logic  equations.   Each  second  level  group  looks  across  four 
first  level  groups.   Specific  replications  of  the  first  level  group  are 
generated  by  letting  n  assume  the  values  15,  31,  ^7,  63- 
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2.7.^  Third  Level  Logic  Equations 

There  are  four  groups  at  the  second  level.   The  third  level 
looks  across  these  to  produce  Pi^n,  P^pj  P-,^  aJ^d  P^.   The  logic  equations 
for  these  are  as  follows : 


^8  =  ^^2^8  ^  ^''^Q     ^6U 


P32  =  PG232  V  PP232  PG2^Q  V  PP232  PP2^3     P^^ 
^16  =  P^2i6  V  PP2^^  PG232  V  PP2^g  PP232  PG2i^Q 


V  PP2^g  PP232  PP2^Q  P^^ 


Pq   =   PG2o  V  PP2q   PG2^g  v  PP2q   PP2^g  PG232 


V  PP2q   PP2^g   PP232   PG2j^3 


V  PP2q   PP2^Q   PP232   PP2j^Q   P^^ 
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2. 7.5  Impl ement  at  i  on 

Figure  2. 7 •5.1  is  a  tlock  diagram  of  the  entire  propagation  logic 
structure.   The  following  table  describes  the  operation  and  timing; 

Step  Timing  (collector  dela 

1        All  PPl  and  PPGl  signals  are  formed  from       2 
T  and  Z  inputs  at  level  1. 

2         All  PP2  and  PG2  signals  are  formed  from  PPl     2 
and  PGl  inputs  at  level  2. 

^  ^0'  ^16'  -^32'  ^6k  ^ 

are  formed  from  PP2  and  PG2  inputs  at 

level  3 

^  ^k'   ^8'  -^12'  ^16'  ^20'  ^2l+'  ^28'  ^32  ^ 

P36'  ^1+0'  ^kk'   ^U8'  ^52'  ^56  ^^   ^60 
are  formed  at  level  2. 


The  remaining  P . ' s  are  formed  at  level  1 


Total  Delays  10 

Note  that  the  signals  propagate  from  level  1  to  level  3  and  then 
back  down  to  level  1. 

The  logic  for  all  levels  is  implemented  with  the  297-03  diode- 
matrix  board  followed  by  the  228-05  NOR  (the  only  board  type  to  be  driven 
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LEVEL  I 


T.-T. 


>PI.  ■ 


-PGL, 


-PPI„- 


T,tT,.- 


z.tz,.- 

T45  T„  - 

z«z«- 

Z«2a2- 


-PGI„- 


z.-z. 


-PGI, 


H 


-PP2o 
-PG2„ 


-PP2„ 
-PG2, 


■PPZji 
•PG2j 


-PP24e- 
■PG2«- 


r 


z 


NOTE:   Pg,  is  from  Multiply  Extended  Precision  Logic  (Section  2.9-3) 
Figure  2.7 •5-1  -  Block  Diagram  of  Propagation  Logic 
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by  diode  matrix).   The  228-07  is  used  to  provide  required  logic  inversion 
between  levels.   Figure  2.7.5.2  illustrates  the  297-03.   Table  2.7-5.1  gives 
the  input  pin  designations  for  the  board  as  used  at  each  level;  Table  2.7.5.2 
gives  the  output  pin  assignment. 

TABLE  2.7.5-1  -  Input  Assignments  for  297-03  Board 


INPUT  PINS 

LEVEL  1 

LEVEL  2 

LEVEL  3 

2 

^n.l 

^n.l 

n.c. 

3 

^n.l 

^^n-3 

P=2u8 

1+ 

^n-Hl 

PP  , 
n-3 

^^^1.8 

5 

"n.l 

n.c . 

n.c. 

6 

Z 
n 

^°n-7 

PG232 

8 

Z 
n 

^^n-7 

PP232 

9 

T 
n 

n.c. 

n.c. 

10 

\-i 

n-11 

^°\6 

13 

^n-l 

n-11 

^^h6   ' 

lU 

^„-l 

n.c. 

n.c. 

15 

^n-2 

PG   nc 

n-15 

PG2g 

17 

\-2 

PP  1^ 
n-15 

PP2^ 

18 

T 
n-2 

n.c. 

n.c. 

19 

n.c . 

n.c. 

n.c. 

20 

n.c . 

n.c. 

n.c. 

22 

n.c. 

n.c. 

n.c. 

Notes:   1.  For  level  1,  n  =  3,7,11,15,19,23,27,31,35,39,^+3,^7,51,55,59,63. 
2.   P^,  =  0  =  ground. 
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TABLE  2.7-5.2  -  Output  Assignments  for  297-03  Board. 


OUTPUT  PINS 

LEVEL 

.  1 

LEVEL 

2 

LEVEL  3 

A,B,C 

PGl 
n- 

3 

PG2 
n- 

15 

^0 

E 

II 

II 

n.c. 

F 

PPl 
n- 

3 

PP2 
n- 

15 

n.c. 

H,J,L 

\-2 

Pn-ll 

^6 

P 

n 

II 

n.c . 

S,T 

Vi 

^n-T 

hs 

U 

II 

II 

n.c. 

v,x 

P 

n 

^n-3 

n.c. 

Y,Z 

n.c . 

n.c. 

n.c. 

See  notes  on  Table  2.7-5.1 

The  numbers  of  the  detailed  logic  drawings  for  the  propagation  1 
logic  drawings  for  the  propagation  logic  are  270-01,  -02,  -03,  -Ok,   -05, 
-06,  -07. 
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2.8     M-Shift  Array 

2.8.1     General 

The  M-Shift  Array  couples  the  output  of  the  M-Register  with 
the  conventional  ("Y")  inputs  to  the  four  signed  digit  subtracters  (see 
Section  2. 5).   The  array  also  includes  several  gates  which  are  driven 
by  other  than  the  M-Register,  namely,  PDYU  ,  UHDYl  and  the  TENIji  series 
of  gates.   These  are   defined  later  in  this  section. 

The  gate  signals  associated  with  the  M-Shift  Array  and  their 
primary  use  are  described  below: 


Signal  Name 
MDYl 


mdyU 


MLlYii 


ML2Y3 


ML3Y3 


Description 

M-Register  direct 
(without  shift)  to  Y 
input  of  subtracter  1, 


M-Register  direct  (with- 
out shift)  to  Y  input 
of  subtracter  k. 

M-Register  left  1  bit  to 

Y  input  of  subtracter  k. 

M-Register  left  2  bits  to 

Y  input  of  subtracter  3. 

M-Register  left  3  bits 

to  Y  input  of  subtracter  3 


Primary  Use 

To  supply  the  subtra- 
hend or  addend  during 
ADD/SUB;  to  supply  an 
additional  multiple  of 
mxiltiplicand  during 
terminal  loop  of  MPY. 

To  supply  a  multiple  of  1 
times  the  contents  of  the 
M-Register  during  MPY/DIV. 

To  supply  a  multiple  of  2 
times  the  contents  of  the 
M-Register  during  MPY/DIV. 

To  supply  a  multiple  of  h 
times  the  contents  of  the 
M-Register  during  MPY/DIV. 

To  supply  a  multiple  of  8 
times  the  contents  of  the 
M-Register  during  MPY/DIV. 
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Signal   Najne 
ML1+Y2 


ML5Y2 


ml6yi 


MLTYl 


PDYi+ 


UHDYl 


Description 

M-Register  left  h   bits 
to  Y  input  of  subtracter 
2. 

M-Register  left  5  bits 
to  Y  input  of  subtracter 
2. 

M-Register  left  6  bits 
to  Y  input  of  subtracter 
1. 

M-Register  left  7  bits 
to  Y  input  of  subtrac- 
ter 1. 

The  output  of  the  Propa- 
gation Logic  direct  (with- 
out shift)  to  the  Y  in- 
input  of  subtracter  h. 

UH-Register  direct 
to  the  Y  input  of 
subtracter  1. 


Primary  Use 

To  supply  a  multiple  of  l6  times 
the  contents  of  the  M-Register 
during  MPY/DIV. 

To  supply  a  multiple  of  32  times 
the  contents  of  the  M-Register 
during  MPY/DIV. 

To  supply  a  multiple  of  6i+  times 
the  contents  of  the  M-Register 
during  MPY/DIV. 

To  supply  a  m\iltiple  of  128 
times  the  contents  of  the  M- 
Register  during  MPY/DIV. 

To  supply  the  P-bits  to  sub- 
tracter h   where  they  are  combined 
in  an  exclusive  -OR  with  the  mag- 
nitude bits  (Z-bits)  to  produce 
an  assimilated  result. 

To  supply  coefficients  to  the 
partial  result  during  POLY. 


The  algorithms  for  conversion  from  binary  to  decimal  is  based 
upon  successively  taking  the  remainder  of  an  integer  division  by  ten.   The 
signal  names  of  the  form  TEN_Y_  supply  this  constant  divisor,  ten,  appro- 
priately shifted,  to  the  subtracters.   The  high-order  12  bits  supplied  to 
the  Y  inputs  for  each  "TEN"  signal  is  shown  below.   All  positions  to  the 
right  of  position  12  are  zero. 
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Signal  Name 

TENDYU 

TENLIYU 

TENL2Y3 

TENL3Y3 

TENLUY2 

TENL5Y2 

TENL6Y1 

TENL7Y1 


Bit  Pattern 

YU: 000000001010 
YU: 000000010100 
Y3: 000000101000 
Y3: 000001010000 
Y2: 000010100000 
Y2: 000101000000 
Yl: 001010000000 
Yl: 010100000000 
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2.8.2  Impl erne  nt  at  i  on 

Most  of  the  M-Shift  Array  is  implemented  with  the  29^-00 
selector  board.   This  board  provides  a  three  way  selection.   The  Yl 
portion  of  the  shift  array  requires  a  h   way  selection:  MLTYl,  ML6y1, 
MDYl ,  or  UHDYl .   A  typical  position  of  this  selector  is  shown  in 
Figure  2.8.2.1.   The  Y2  and  Y3  subsections  of  the  shift  array  each  require 
only  a  2  way  selection:  ML5Y2,  MLkY2   and  ML3Y3,  ML2Y3.   For  these,  one 
AND  of  each  position  of  the  29^-00  is  unused.   The  Y^i  subsection  makes 
use  of  all  three  inputs:   MLIYU,  MDYk,   PDYU . 

The  M-Shift  Array  is  operated  primarily  by  the  multiplier 
recoder  (during  MPY)  or  the  model  division  (during  DIV).   Figiore  2.8.2.2 
illustrates  the  correspondence  between  the  signals  miiltiply  and  divide 
signals  such  as  MY128X,  DV128X  and  the  M-Shift  Array  control  signals 
such  as  MLTY103  and  ML^Ylkj .      Note  that  MLTY103  and  MLTYl  1+7  taken 
together  constitute  ML7Y1.   The  drivers  shown  in  this  figure  implement 
equations  of  the  form  MLTYl  =  MY128X  v  DV128X.   The  abbreviations  MY  and 
DV  denote  multiply  and  divide,  respectively.   The  "128X"  denotes  128  times 
(X)  the  contents  of  the  M  register.   A  shift  of  T  places  to  the  left  cor- 
responds  to  multiplication  by  128,  i.e.  by  2  . 

The  relevant  detailed  logic  drawings  are  280-01,  -02,  -03,  -OU, 
-05,  -06,  -OT,  -08,  -09,  -10,  -11.   The  logic  for  TENLIYU  and  TENDYU  is 
shown  on  Drawing  Number  250-11.   The  drivers  for  the  M-Shift  Array  are 
shown  on  Drawing  Numbers  250-09,  -10  in  conjunction  with  drivers  for  the 
control  of  the  subtracter  cascade.   On  logic  drawings  in  the  280-  series 
both  signals  will  be  found  denoted  M.  or  M*.   The  signals  (the  true  output 
of  the  ith  position  of  the  M-Register  )  are  logically  equivalent.   M.  is 
taken  from  the  true  side  of  the  260-00  flip-flop  of  the  M-Register.   M* 
is  taken  from  the  output  of  inverters  which  are  driven  by  the  complement 
side  of  the  M-Register.   This  scheme  was  adopted  merely  to  provide  addi- 
tional drive  from  the  M-Register. 
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Miw  Mu6  Mi 


UHi 


ML7Y  I 

ML6Y  I 

MDY  I 

UHDY  I 


Kj 


V 


294-00 

(8  PER  CARD) 


V 


Yli 


228 


(16  PER  CARD) 


Yli 


Figure  2.8.2.1  -  Typical  Position  of  Yl  Subsection  of 
the  M-Shift  Array 
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MYI28X 
DVI28X 


MY64X 
DV64X 


MY32X 


MYI6X 
DVI6X 


MY8X 
DV8X 


MY4X 
DV4X 


MY2X 
DV2X 


MYIX 

DvTx 


> 
> 


> 
> 


> 
> 

> 
> 


> 
> 

> 
> 


r> 


ML7YI03 
ML7YI47 

ML6YI03 
ML6YI47 

ML5Y203 
ML5Y247 

ML4Y203 
ML4Y247 

ML3Y303 
ML3Y347 

ML2Y303 
ML2Y347 

MLIY403 
MLIY447 

MDY403 
MDY447 


NOTE--  ALL  GATES  ARE  214-00 

Figure  2.8.2.2  -  Drivers  for  the  M-Shift  Array 
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^•®-^  PL/1  Description  of  Ri^n»i  m.^^. 


AKRAY.  Yl  THRU  Y^  DRIVE 
SlJHTRACThR  1  THRU  4, 

ORDFR  onsiT  ONS  HF  V   v/"  iNJhCTtl)  IN  THt  HIGH 
"KL.«,  T  K,TM,:  /.  A  TEMPORARV  STOKAr.t  ,nK  .  B,T  -  .0 

PROCFDURt:  ^*  BYlbS  0-3  */ 

SUBS.R,YU1,32,  =  .00000000.B||SUBSTR,M.9,24,: 

'  /*Sl-LeCT    M    DiRbCT     (NO    SHIFT)     TU    Yl        RYT^Q    ..    7     w 

PROChDU-^t;  i      '/      lu    Yl,     RYTbS    4-7    */ 

SUHSTR (Y 1,33, 32) =SUBSTR{M, 33,32 )• 

T  =  MliNjJbCTli(vF 
SUBSTK,v*,1.32,.T,|T||T,|TI|T||T||T|,ri|SUBSTR,M.,,24,, 

SUBSTR  (Y4,  33,32  )=S(JBSTR(M,  33,32  )• 
END:  t^3,j^,, 

i:  /«SbLbCT    M    LFbT     1     BIT     TU    Y4,     BYTbS    O-A    t/ 

PRliCbUlJRb;  tsYitb    0-3    =(-/ 

T  =  MlNJECT()i\JE 

SUBSTR,Y4,1,32)  =  T||T||TMTMT||T||T||SUBSTR(N,,9,25); 

■:  /^SbLbCT    M    LEFT     1     BIT    Tf)    Y4,     BYTES    ^-7    .^./ 

PRDCFUURE;  »     dt  ic^  ^    -./ 

SUbSTR(Y4,33,32)=SUBSTR,M,33,31)||.0.B; 

:    /*SbLbCl  ^    LbFT  2  BITS  TU  Y3,  BYTES  0-3  - / 
PRUCEOURF;  dy  itb  0  3  ■- / 

T  =  MlNJECTUi\F: 

SUBSTR,v3,,.32,  =  T,,r||,|,T|nilT|,SUBSTR,M.9.26,; 

SUBSTRIVB.aa.aPI^SUBSTRlM.Bi.iOII.OO.R: 

T  =  MINjECT(jr>jE; 

SUBSTR(Y3,1,32)=T||T||T||T||T||SUBSTR(M,.,27); 
/••'SELECT    M    LEFT     3    BITS     TU    Y3,     BYTES    4-7=<=/ 
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PROCHDURE; 


SUBSTR(Y3,33t32)=SUBSTR(M,36,29) | | 'OOO'B 

END; 
MLAY203:    /^SELECT  M  LEFT  4  BITS  TO  Y2,  BYTES  0-3  */ 

PROCEDURE; 

T  =  MIi\IJECTUNE 

SUBSTRi Y2t 1,32)=T| | T| |T| |T| I SUBSTR ( M t 9 t 28 ) ; 

END; 
ML4Y247:    /^SELECT  M  LEFT  4  BITS  TO  Y2»  BYTES  A-7*/ 

PROCEDURE; 

SURSTR(Y2»33,32)=SUBSTR(M,37,28) | | 'OOOO'B; 

END; 
MLbY203:    /^SELECT  M  LEFT  b    BITS  TO  Y2,  BYTES  0-3  »/ 

PROCEDURE; 

T=MINJECTGNE; 

SUBSTR( Y2,1,32)=T|  I T|  |T|  | SUBSTR ( M, 9» 29 ) ; 

END; 
ML5Y247:    /^SELECT  M  LEFT  b    BITS  TO  Y2,  BYTES  4-7*/ 

PROCEDURE; 

SUBSTR(Y2t33,32)  =SUBSTR  (  M,  38  ,  2  7T  |  |  '"OOOOO'B; 

END; 
hL6Yl03:    /^SELECT  M  LEFT  6  BITS  TO  Yl,  BYTES  0-3  */ 

PROCEDURE  ; 

T=MINJECTONE 

SUBSTRI  Yl,  1,32)=T|  I  T|  I  SUBSTR(Mt9^30M 

END; 
hL6Yl47:    /=:=SELECT  M  LEFT  6  BITS  TO  Yl,  BYTES  4-7  */ 

PROCEDURE; 

SUBSTR( Yl» 33,32 )  =  SUBSTR(M, 39,26)  |  |  '000000 'B; 

END; 
HL7Y103:    /^SELECT  M  LEFT  7  BITS  TO  YL,  BYTES  0-3  »/ 

PROCEDURE; 

T=MINJECT0NE; 

SUBSTR(Yltl,32)=T||SUBSTR(M,9,31); 

END; 
IVL7Y147:    /-SELECT  M  LEFT  7  BITS  TO  Yl,  BYTES  4-7  */ 

PROCEDURE;  _    

SUBSTRI  Ylr33,32)=SUBSTR(M,40,2  5ri  r«0000060»B; 

END; 
PDY403:     /^SELECT  OUTPUT  OF  PROPAGATION  LOGIC  DIRECT  (WITHOUT 
SHIFT)  TO  Y4,  BYTES  0-3*/ 

PROCEDURE; 

SUBSTR(  Y4,  1  ,32)=SUBSTR(P,  1,32  )  ; 

END; 
Pi)Y447:     /^SELECT  OUTPUT  OF  PROPAGATION  LOGIC  DIRECT  (WITHOUT 
SHIFT)  TO  Y4,  BYTES  4-7*/ 

PROCEDURE; 

SUBSTR( Y4,33,32)=SUBSTR(P,33,32) ; 

END; 


TeNDY4:   /^SELECT  THE  CONSTANT  1010  (TEN)  DIRECT  (WITHOUT  SHIFT) 

TO  Y4«/ 

PROCEDURE ; 

SUBSTR( Y4,9, 1 )=• 1 • B;  SUBSTR(Y4, 11 , 1 )=• 1 'B; 

END; 
lhNLlY4:    /*SFLECT  THE  CONSTANT  1010  (TEN)  LEFT  1  BIT  TO  Y4.»/ 

PROCEDURE ; 

SUBSIR (Y4,R,1)=«1«H;  SUBSTR(Y4,10,1)='1'B; 
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/^'SELtCT     THh    CONSTAiMT     1010     <TtN)     LI-FT    ?    HITS    TO    Y3«/ 

PkUCbOlJRb; 

SUHSTR( Y3,7, 1 )=• 1 • B;  SUBS TR ( Y3 » 9, 1 ) = • 1 ' B ; 

/«ivjl)Tt  IHAT  ALL  DTHFK  Y3  SHL6CTURS  MUST  BE  UKF*/ 

/*SbLfcCI  THh  CONSTANT  1010  ITEM)  LEFT  3  BITS  TO  Y3=.V 

MROCFOORF : 

SUBSTR(Y3.6,1)='1'B;  SUBSTR(Y3,8,1)='1»B; 

/•-:^N(,iTE  That  ALL  OTHER  Y3  SELECTORS  MOST  BE  OFF*/ 

END: 

/^SELECT  THE  CONSTANT  1010  (TEN)  LEFT  ^  BITS  TO  Y?*/ 

PRHCFOURE ; 

SUHSTRIY?,b,l)=«l'B;  SUBSTR(Y2t7,l)='l'B: 

/»NUTE     THAT     AIL     OTHER    Y2     SELECTOR    SK^NALS    MOST    BE    OFF*/ 

EM); 

/^SELECT  THE  CONSTANT  1010  (TEN)  LEFT  b    BITS  TO  Y2*/ 

PRHCFUORE; 

S0BSTR(v?,4,l)=«l'B;  SUBSTR( Y2,6,l )=' 1 'B; 

/-NOTE  THAT  ALL  i)THER  Y2  SELECTOR  SIGNALS  MUST  BE  OFF  */ 

ENO; 

/-SELECT  THE  CONSIAKT   1010  LEFT  6  BITS  10  Yl.=:^/ 

PROCEDURE; 

SUBSTR( Yl,3,  1  )  =  • 1 'B;  SUBSTR ( Yl , b, 1 )  =  • 1 • B ; 

/*NOTE  THAT  ALL  OTHER  Yl  SELECTOR  SIC^NALS  MUST. BE  OFF.*/ 

END; 

/■-SELECI  THE  CONSTANT  1010  LEFT  7  BITS  70  Yl.*/ 

PR(JCEDORE; 

SUBSTR(Y1,2,1)='1'B;  SUBSTR(Ylt^»l)='l'B; 

/*NUTE  THAT  ALL  OTHER  Yl  SELECTOR  SIGNALS  MUST  BE  OFF  */ 

END; 

/*SfLECT  UH  DIRECT  (WITHOUT  SHIFT)  T(J  Ylt  BYTES  0-3*/ 

PROCEDURE ; 

S0BS1R( Yl,  1 ,32 )=SOBSTR(OH, 1,32 )  ; 

END; 

/*SELECT  UH  DIRECT  (wITHOOT  SHIFTING)  TO  Yl,  BYTES  4-7*/ 

PROCEDORE ; 

SUBSTR( Y1,3  3,32)  =  SUBSTR(UH,33,32  )  ; 

ENU; 
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2.9   Multiplier  Recode  and  Multiply  Extended  Precision 
2.9.1   General 

Multiplication  in  a  digital  arithmetic  unit  is  accomplished  by- 
over  and  over  additions  of  the  multiplicand  as  controlled  by  the  multiplier. 
In  its  most  fundamental  form,  bits  of  the  multiplier  are  inspected 
serially  from  right  to  left.   If  the  bit  is  1,  the  multiplicand  is 
added  to  the  partial  product  and  the  partial  product  is  then  shifted 
right  one  bit  and  back  into  the  accumulator,  ready  for  the  next  addition. 
If  the  bit  is  zero,  the  addition  is  bypassed  (or  zero  is  added)  and  the 
partial  product  is  again  shifted  right  one  bit  into  the  accumulator. 

For  this  class  of  techniques,  a  multiplier  of  length  1  bit 
requires  1  cycles.   A  cycle  consists  of  an  add,  then  shift,  or  merely  a 
shift. 

One  technique  for  accelerating  the  execution  of  multiplication 
is  to  inspect  two  bits  of  the  multiplier  simultaneously,  i.e.  perform 
multiplication  radix  four  instead  of  radix  two.   In  this  case,  a  multi- 
plier of  K  bits  requires  only  K/2  cycles.   Of  course,  now  we  must  be 
able  to  form  multiples  of  0,  1,  2,  and  3  times  the  multiplicand  for 
addition  to  the  partial  product.   The  0  and  1  times  are  easily  imple- 
mented and  the  2  times  readily  available  by  a  simple  left  shift.   The  3 
times  multiple,  however,  is  awkward  and  costly  to  form.   It  would  probably 
require  an  addition  of  1  and  2  times  the  multiplicand. 

A  useful  technique  to  avoid  the  necessity  for  forming  the  3 
times  multiple  is  to  recode  the  bits  of  the  multiplier  being  inspected. 
The  inputs  to  the  recoder  are  bits  of  the  multiplier;  the  output  is  a 
selected  multiple  of  either  +2,  +1,  0,  -l,  or  -2.   All  of  these  multiples 
may  be  formed  by  simple  addition  or  subtraction  and  possibly  a  left  shift. 
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Intuitively,  we  might  view  this  receding  as  permitting  inten- 
tional "mistakes"  in  forming  the  multiple  at  one  cycle,  but  correcting 
the  "mistake"  at  a  subsequent  cycle.   For  example  consider  a  four  bit 
multiplier,  MR  =  0011.   The  low-order  two  bits  are  11  =  3,,.  and  thus 
imply  the  selection  of  3  times  the  multiplicand.   Under  the  recoding 
proposed  here,  however,  the  bits  11  will  select  a  multiple  of  -1.   On 
the  next  cycle  a  multiple  of  +1  will  be  selected,  but  since  the  partial 
product  has  been  shifted  2  bits  to  the  right,  this  selection  actually 
produces  a  multiple  of  +h   relative  to  the  previous  cycle.   At  the  end 
of  this  second  cycle  the  partial  product  is  correct,  i.e.  (-1+U ) (Multi- 
plicand) =  3  (Multiplicand). 

This  recoding  was  taken  from  DCS  Report  No.  133,  "Suggested 
Design  for  a  Very  Fast  Multiplier,"  by  C.S.  Wallace. 

The  recoding  actually  requires  the  parallel  inspection  of 

three  bits  of  the  multiplier.   If  X.  is  the  low-order  bit   of  the 

1 

multiplier,  then  the  bits  inspected  are  X.  ^  ,  X. ,  and  X.  ^ .   The  bit 

^  ^  1-1   1       1+1 

X.    is  an  extra  position  at  the  right  of  the  least  significant  bit 

of  the  multiplier.   It  is  initially  0,  but  after  the  first  right  shift 

of  the  multiplier  it  will  equal  the  previous  X._  ,  which  may  not  be  0. 

In  a  sense,  X. .,  is  the  indicator  of  what  "mistake"  was  made  on  the  pre- 
1+1 

vious  cycle.   The  recoding  is  shown  in  Table  2.9.I.I.   It  will  accommodate 
a  negative  number  in  two's  complement  representation. 


X. 

1- 

■1 

X. 

1 

h^i 

Mult 

ipl 

e   Selected 

0 

1 

1 

+2 

0 

1 

0 

+1 

or     0 

0 

1 

0 

: 

■J 

0 

or     1 

1 

1 

J. 

1 

0 

-1 

or     1 

~i 

1 

-2 


TABLE  2.9.1-1  Multiple  Selected 
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2.9-2  The  Recoding  Hardware 

An  Illiac  III  AU  includes  a  cascade  of  four  adder/subtractors 
and  four  sets  of  shift  gates.   One  multiplication  cycle  consists  of 
sequence  of  four,  radix  h   multiplications,  i.e.  multiplication  is  perform 
radix  256.   Nine  bits  of  the  multiplier  stored  in  the  UQ  Register  are 
recoded  simultaneously  to  control  the  shift  gates  of  M  Shift  Array  and 
the  NEG  signals  of  the  signed-digit  subtracters  which  determine  whether 
addition  or  subtraction  is  performed. 

The  shifters  are  all  logically  identical,  however,  they  are 
connected  to  the  appropriate  SDS  so  that,  with  respect  to  the  radix  point 
of  the  subtracters  (between  the  first  and  second  byte),  the  values  of  the 
multiples  are  as  shown  below: 

SDS  No.  Multiples  Selected 

1  0,  +128,  +6k 

2  0,  +32,  +16 

3  0,  +8,  +1+ 
k  0,  +2,  +1 

The  recoding  is  performed  in  three  bit ,  overlapping  groups 
according  to  the  specifications  in  Table  2.9.1-1-   Figure  2.9-2.1 
illustrates  the  low-order  byte  plus  the  extra  right -most  bit  of  the  UH 
register  and  the  shift  gates  each  control.   (See  Block  Diagram,  Figure 
2.1.1.1). 

Notice  that  the  multiples  are  formed  from  the  largest  to  the 
smallest,  i.e.  +128  or  +6U  are  added  or  subtracted  in  the  first  SDS;  +2 
and  +_1  are  added  or  subtracted  in  the  last  SDS.   This  order  is  not 
necessary  for  multiplication,  however,  it  is  a  necessity  for  the  execu- 
tion of  division. 
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UQ  Bit   No. 


rr  38  ^9  60  61  62  63  6u  63 


Produces 
Signeils: 
Which  dirring  MPY 
Controls 


Jt 


MYI28X  MY32X  MY8X  MY2X 

MY6UX   MYI6X  MY4X  MYIX 

ML7Y1  ML5Y2  ML3Y3  MLIYU 

ML6Y1  MLUY2  iyiL2Y3  MOYi| 


Figure  2.9-2.1  Multiplier  Bit,  Shift  Gate  Correspondence 

The  logic  equations  actually  implemented  in  Multiplier  Recede 
box  are  shova:i  below.   The  Boolean  variables  SIGN  is  introduced  as  a 
conceptual  aid  and  is  not  implemented,  per  se.   SIGN  =  0  =  +  ;  SIGN  =  1  = 
The  MYNEG  (Multiply  Negation)  signals  are  used  to  set  the  NEG  controls  of 
the  SDS  to  select  whether  the  multiple  is  added  or  subtracted. 


MY128X  =  (UQ^^UQ^gUQ^^)v(UQ^^UQ^gUQ^^ 
MY6UX  =  UQ^g®UQ^^ 


SIGNl  =  UQ, 


57 


MY32X  =  (UQ59UQ.QUQ^^)v(UQ^^UQ^QUQg^ 


MYI6X  =  UQ^^eUQ^, 
du   01 


SIGK2  =  UQ, 


59 


MY8X  =  (UQg^UQ^2UQ63^''^"^6l^^62"^63^ 
MYl+X  =  UQg2®UQg3 


SIGN3  =  UQ 


■61 


MY2X  =  (UQ^3UQgj^UQ^^)v(UQg3UQg^UQ^^) 
MYIX  =  UQ^^^eUQ^^ 
SIGNU  =  UQg 
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MYNEGO   =   SIGNl  =   UQ, 
MYNEGl   =   SIGNl   ® 
MYNEG2   =   SIGK2   ® 
MYNEG3  =   SIGN3  ® 
MYNEGU   =   SIGNU   = 


57 
SIGN2 

SIGNS 
SIGNU 


%3 


Figure  2.9.2.i  is   a  typical  position  of  the  Multiplier  Recode 
hardware   and  the   connection  to  the  M-Shift  Array  Driver/Control.      UQ^^   is 
a  special  extended  position  of  the  UQ  register  used  only   in  multiplicatioi 
orders . 

Now  consider  an  example  of  the   recoding  of  the  bit  pattern 
shown  helow: 


OOllllllOlOO 


(all  zero)  ■< —   ___________ 

UQ  Position  No.  55  56157  58  59  6o  6l  62  63   6U  65 


This  pattern  is  250  ^  times  some  appropriate  scale  factor. 

Position  UQ^^  is  always  initially  '0'  but  may  have  a  non-zero  value 
d5 


after  the  contents  of  UQ  are  shifted  right  eight  positions, 
puts  of  the  multiplier  recode  logic  would  be  as  follows: 


The  out- 


MY128X  = 

0 

MY61+X  = 

0 

SIGNl  = 

1 

MY32X  = 

0 

MYI6X  = 

0 

SIGN2  = 

1 

my8x  = 

°  1 

myUx  = 

-  i 

-U  times 

SIGNS  = 

0 

MY2X  = 

0 

MYIX  = 

'  i 

-2  times 

SIGNU  = 

1 J 
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MY64X 


214 


MYL6Y1 


f^ 

(D 

r^ 

(D 

If) 

ID 

lO 

ID 

o 

O 

o 

o 

3 

3 

3 

3 

240 
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MYNEGl 


V 


214 


NEGl 


*FROM     OTHER    CONTROL,  e.g.  DIVISION. 

Figure  2.9.2.2  -  Typical  Position  of  Multiply  Recede  and  Connection  to 
M-Shift  Array  Driver  Control 
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After  {-k   X  multiplicand)  +  (-2  x  multiplicand)  is  formed,  the 
partial  product  and  the  contents  of  the  UQ  register  are  shifted  right  by- 
eight  positions.   Now  UQ   through  UQ^,  are  all  zero,  but  UQ,-  is  '1'. 
Evaluation  of  the  logic  equations  shows  that  only  MYIX  is  selected  and 
that  it  is  to  be  added  to  the  partial  product.   The  right  shift  of  eight 
has  introduced  a  factor  of  256,  thus  in  this  second  cycle  the  addition 
of  one  times  the  multiplicand  corresponds  to  the  addition  of  256  times 
on  the  first  cycle.   Thus  the  multiplier  250  is  recoded  into  the  form 

-2  -h   +256  =  250. 

In  floating  point  multiplication,  the  multiplier  is  7  bytes 
long.   At  the  end  of  7  multiplication  cycles,  UQ^  may  be  1  and  since 
UQ^  and  UQ^,  are  always  zero  after  the  seventh  cycle  (the  multiplier 
for  floating  point  is  always  positive)  an  addition  multiple  of  the  con- 
tents of  the  M-Register  must  be  added  to  the  partial  product  in  US-UM. 
This  is  accomplished  during  the  assimilation  cycle. 

For  long  or  short  integer  multiplication  the  requirement  for 
an  extra  additon  does  not  arise.   If  the  multiplier  is  positive,  then 
the  high-order  bit  which  is  the  sign  is  '0'.   Positons  UQ^  -UQ^  will 
thus  be  '0'  at  the  end  of  the  last  cycle  and  from  the  recoding  equations 
it  may  be  seen  that  no  additional  multiples  are  required.   If  on  the 
other  hand  the  multiplier  is  negative,  UQ^  -UQ^  will  be  all  ones  and 
again  the  recoding  equations  show  that  no  additional  multiple  is  required. 
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2.9.3  Multiply  Extended  Precision 

The  fractional  part  of  the  final  product  is  assimilated  into 
the  LM-Register  and  then  transferred  to  the  UQ  Register  for  terminal 
operations  and  return  to  the  TP.   The  range  of  a  normalized  fraction, 
f ,  is  given  by  I/16  ^  f  <  1.   The  product  of  two  fractions  f  and  f 
is  thus  in  the  range  1/256  <  f^f  -^-l.   The  fractional  part  of  the 
product  may,  therefore,  require  a  terminal  left  shift  of  four  positions 
and  a  corresponding  decrease  of  the  exponent.   If  zeros  are  injected  in 
the  low  order  four  bits  when  a  left  shift  takes  place  then  the 
precision  of  the  result  is  impaired.   If,  however,  the  actual  four  bits 
of  the  product  are  injected,  the  maximum  truncation  error  is  constant 
for  all  results  from  the  multiplication  operation.   These  four  bits 
are  actually  generated  and  are  available  in  redundant  signed-digit 
form  in  LM-LS,  positions  57  through  60.   Without  additional  hardware, 
they  would  be  lost  by  the  right  shift  of  8  positions  back  to  the  US-UM 
Registers.   The  multiply  extended  precision  hardware  assimilates  these 
digits  and  stores  them  in  case  they  are  needed  in  the  course  of  the 
terminal  left  shift. 

Figure  2.9.3.1  is  a  block  diagram  of  the  hardware.   The  power 
buffers  are  merely  inverters  which  keep  the  propagation  logic  from 
unduly  loading  the  outputs  of  the  LS-LM  Registers.   The  propagation 
logic  produces  the  bits  MEPP^  through  MEPP,  is  illustrated  in  Figure 
2.9.3.2  and  defined  by  the  following  equations. 
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LM3,-LMeo  LS57  LSeo  LM^-LMg^ 


POWER  BUFFER 
(228-00) 


LM57"LM6o|  

LSsr-LSeoi        LM57-LM60 


MEPGATE 
MEPLATCH 


FOUR  BIT  PROPAGATION  LOGIC 
(297-00) 


MEPR, 


MEPR 


^ZL'^ZL  O^  a 


MEPPr 


MEPP, 


MEPP, 


MEPP. 


MEPPjeLMj 
i  =  l, 2,3,4      j=i+56 


MEPB, 


MEPB; 


MEPB. 


MEPB. 


FIVE  BIT  LATCH  TYPE  BUFFER 


y  >^'  H'  V  H^ 

MEPPo  tO'  UQe,      UQ62      UQ63      UQ, 
TO  P64  OF  OF  UQ- SELECTOR 

PROPAGATION 
LOGIC 


Figure  2.9.3.1  -  Block  Diagram  of  Multiply  Extended  Precision  Logic 
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MEPP,  =  '0' 
^^3  =  ^^60^60 


MEPP^  =  LS^^LM^^  V  LM^^LSg^LM^o 


MEPP^  =  LS58LM58  -  LM^gLS^^LM^^  V  LM^qLM^^LS^qLM^q 


V  iM^^m^QLS^^m^^ 


V  LM^^LM^gLM^^LSg^LM^Q 


All  bits  except  MEPP  are  combined  in  an  exclusive  OR 
operation  with  LMry  through  LM/-,-,  to  produce  the  assimilated  results. 
MEPP^  is  used  as  the  P^,  input  to  the  full  precision  propagation  logic 
described  in  Section  2.7- 

Figure  2.9.3.3  is  a  detail  of  two  positions  of  the  latch 
type  buffer  used  to  store  MEPP  and  MEPB  through  MEPB,  .   The  four 
positions  for  MEPB.  incorporate  the  exclusive  OR  logic  used  to  form 
LM  ®  MEPB.   The  control  signal  MEPGATE  is  normally  0,  the  control 
signal  MEPLATCH  is  normally  1.   When  the  MEPB  bits  are  to  be  formed 
and  stored,  MEPGATE  is  set  to  1  and  the  latch,  MEPLATCH  set  down  at 
0.   The  latch  signal  must  be  returned  to  1  prior  to  the  gate,  MEPGATE, 
returning  to  0. 
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MEPPo 


MEPGATE  » 


240 


240 


^^ 


IT 


240 


MEPP, 


MEPPi    LMj      MEPPi    LMj 


241 


241 


240 


MEPB 


i=  1,2,3,4 
j=  i  +  56 


MEPLATCH 


241 


^        W        W 


Figure  2.9-3.3  -  Exclusive  -  OR  Logic  and  Latch  for  Multiply- 
Extended  Precision 
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2.10  Model  Division 


2.10.1  General 


Robertson  has  proposed  a  class  of  division  techniques  in 
which  quotient  digits  are  selected  based  upon  an  inspection  of  only 
a  few  high-order  bits  of  the  divisor  and  partial  remainder.   The 
quotient  selection  mechanism  may  be  viewed  as  a  model  of  the  full 
precision  division  mechanism.   The  model  division  uses  truncated 
versions  of  the  divisor  and  partial  remainders  to  produce  quotient 
digits  which  are  in  turn  used  in  forming  the  next  full  precision  partial 
remainder.   The  division  procedures  used  in  the  model  need  bear  no 
relationship  to  a  conventional  division  procedure,  in  particular,  to 
the  full  precision  procedure.   The  procedure  for  the  model  division  of 

Illiac  III  is  a  radix  h   table  look-up.   The  nature  of  this  class  of 

2 
division  techniques  is  explored  in  detail  in  a  paper  by  Atkins. 

The  model  division  determines  which  multiples  of  the  divisor 
are  to  be  subtracted  from  the  partial  remainder.   In  this  respect  it 
is  analogous  to  the  multiplier  recoder  (Section  2.9)  and  may,  in  fact, 
be  viewed  as  a  quotient  recoder.   In  multiplication  the  recoder  introduces 
redundancy  into  the  representation  of  the  multiplier;  in  division  the 
recoder  introduces  redundancy  into  the  representation  of  the  quotient. 
The  quotient  recoder  is,  however  complicated  by  the  following  properties 
of  the  division  algorithm: 


J.  E.  Robertson,  "Methods  of  selection  of  quotient  digits  during 
digital  division,"  Department  of  Computer  Science,  University  of 
Illinois,  Urbana,  File  663,  1965. 

2 
D.  E.  Atkins,  "Higher  radix  division  using  estimates  of  the  divisor 

and  partial  remainders",  IEEE  Trans.  Computers,  vol.  C-IT,  no.  10 

(Oct.  1968),  pp.  925-93U. 
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1.  The  quotient  receding  is  a  function  of  both  the  divisor 
and  the  partial  remainder. 

2.  The  partial  remainder,  unlike  the  divisor  or  the  multiplier, 
is  not  constant  throughout  the  operation. 

3.  Since  partial  remainders  are  formed  with  the  signed-digit 
subtracters,  they  are  represented  redundantly. 

But  despite  these  complications,  the  strong  analogy  between  multiplier 
recoding  and  the  concept  of  the  model  division  leads  to  a  division 
scheme  which  is  highly  compatible  with  the  multiplication  scheme 
described  in  the  previous  section. 

As  shown  in  the  Atkins  paper,  a  radix  k   division  may  be 
performed  using  a  table  look-up  on  inputs  consisting  of  the  four  high- 
order  bits  of  the  divisor  and  the  six  high-order  bits  of  the  shifted 
partial  remainder.   The  output  of  the  table  is  a  quotient  digit  value 
of  either  ?,  T,  0,  1,  or  2.   In  the  most  brute  force  form  the  table 
look-up  may  be  thought  of  as  a  grid  or  matrix.   The  vertical  lines  are 
outputs  of  decoders  applied  to  d,  the  truncated  {k   bit)  version  of  the 
divisor;  the  horizonal  lines  are  outputs  of  decoders  applied  to  rp,  the 
truncated  (6  bit)  version  of  the  shifted  partial  remainder.   At  each 
intersection  of  the  lines  is  an  AM)   gate  with  one  input  connected  to  the 
vertical  line  and  the  other  connected  to  the  horizonal  line.   Each  point 
of  intersection  corresponds  to  a  quotient  digit  value,  i,  and  thus  the 
output  of  each  AND  gate  is  connected  to  an  input  of  the  OR  gate  with 
output  corresponding  to  the  quotient  digit,  q=i. 

The  size  of  the  table  is  constrained  by  restrictions  on  the 

range  of  the  divisors  and  partial  remainders.   The  divisor  is  normalized 

in  the  range  1/2  <_d<   1.   Due  to  certain  properties  of  the  division  scheme, 

any  paj-tial  remainder,  say  p  ,  must  be  in  the  range  |p.|  <_  2/3  d.   The 

J  J 

shifted  partial  remainder,  rp . ,  where  r  is  the  radix  and  j  is  the 

J 
recursive  index,  must  be  in  the  range  |  rp .  |  <_  8/3  d  when  r  =  U.   The 

J 
divisor  is  always  positive;  the  partial  remainder  may  be  either  positive 

or  negative  since  the  division  is  nonrestoring.   The  actual  implementation 

is  not  nearly  as  formidable  as  the  brute  force  attack  might  imply. 
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It  is  prohibitively  expensive  to  apply  the  redundant  from 
of  the  partial  remainder  directly  to  a  table  look-up.   In  a  redundant 
number  system  one  algebraic  value  may  be  disguised  in  many  forms.   The 
6  digit  estimate  of  the  partial  remainder  is  therefore  assimilated  into 
a  conventional  radix  complement  form  prior  to  the  table  look-up.   The 
assimilated  version  is  of  the  form  A  A  A  .A  A,  A  A^,  where  A  is  the  sign. 
The  estimates  of  the  divisor  are  decoded  into  the  intervals   shovn  in 
Table  2.10.1.1.   Since  the  divisor  is  stored  in  the  M-Register  and 
since  the  radix  point  is  between  positions  8  and  9?  the  high-order 
four  bits  of  the  divisor  are  designated  M  ,  M   ,  M   and  ^^-      Note 
that  since  d  is  at  least  1/2,  M  is  always  1. 


Interval 

Name 

Logic   Equatii 

D 

M  ^M     M 

1 

10   11   12 

D^ 

M     M     M 

2 

10  11   12 

D^ 

M     M     M 

3 

10  11  12 

\ 

M,  ^M,    M   ^ 

10   11   12 

D^ 

M     M 

5 

10   11 

D^ 

M  ^M 

6 

10   11 

D^ 

D,    V  D^  V  D^ 

7 

12          3 

=8 

D^  V  D^  V  Dg 

D^ 

D^vD^ 

9 

Range  of  divisor,  d,  represented 


10 


11 


(D^  V  Dg)  =  M^^ 
(D^  V  D^  V  D^  V  Dj^) 


=  M 


11 


1/2  £  d  <  9/l6 
9/l6  1  d  <  5/8 
5/8  £  d  <  11/16 
11/16  1  d  <  3/k 
3/U  1  d  <  T/8 
7/8  £  d  <  1 
1/2  <_  d  <  11/16 
11/16  <_  d  <  1 
11/16  £  d  <  7/8 
3/U  <_  d  <  1 
1/2  <  d  <  3/U 


\ 


Table  2.10.1.1  -  Divisor  Interval  Selection  Logic 
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The  assimilated  estimate  of  the  partial  remainder  and  the 
outputs  of  the  divisor  interval  selection  logic  are  used  to  generate 
the  logic  signals  ZERO,  ONE,  and  TWO  corresponding  to  quotient  digit 
magnitudes  of  0,  1,  and  2,  respectively.   The  signals  ZERO  and  TWO  are 
formed  as  the  OR  of  two  other  signals,  one  corresponding  to  the  quadrant 
for  positive  partial  remainders;  the  other  corresponding  to  negative 
partial  remainders.   The  signal,  ONE,  is  implemented  in  the  form  ONE= 


ZERO  V  TWO.   The  following  defines  ZERO  and  TWO: 

ZERO  =  ZEROP  V  ZERON 
TWO  =  TWOP  V  TWON 
ZEROP  =  AqA^A^A^Aj^  V  A^A^A^Aj^A^D^  v  A^Ij^A^A^D^q 

ZERON  =  AqA^A2A3Aj^  v  A^A^A^A^Aj^A^D^q 

TWOP  =  J^A^A^I^A^:^^   V  VbV^^I  ^  V3\^5^6^2 

V  AQA2A3DQ  V  AQA2A3Ai^D^  v  AqA2I3A^A^D^ 

V  AQA2A3A^A^A^Dg  v  A^A^  v  A^A^D^ 

TWON     =  AQA3Ai^D^  v  AqA3Aj^A^D2  v  AQA3Aj^A^AgD3 

V  A^I^A^A^I^I^B^   V  AqA2A3I^I5D^  v  A^A^D^^ 

V  AQA2A3Ai^D5  v  AQA2A3  v  A^A^ 
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2.10.2  Functional  Description 

We  have  now  defined  a  radix  h   quotient  selection  mechanism 
which  is  analogous  to  the  multiplier  recoder  defined  in  Table  3.   As 
with  multiplication,  division  is  extended  to  radix  256  by  means  of 
foior  successive  applications  of  radix  h   division. 

Let  the  figure  below  represent  the  high-order  byte  of  the 
US-UM  Register  and  let  :  denote  the  radix  point  for  the  full  precision 
division. 


To  Radix  h   Division 


A  radix  h   division  with  radix  point  denoted  ' . '  is  applied  to  the 
leading  6  positions  of  the  output  of  US-UM.   For  a  radix  256  division 
the  magnitude  of  the  shifted  partial  remainder  is  less  than  170  2/3 
relative  to  the  radix  point,':'.   The  shifted  partial  remainder 
relative  to  '•'  is  therefore  less  than  8/3.   The  radix  h   table  look-up 
selects  a  quotient  digit  magnitude  of  either  0,1,  or  2.   These  correspond 
to  radix  256  digits  of  0,  6h,   or  128  and  to  the  selection  of  no 
shift  gates,  shift  gate  ML7Y1,  or  ML6Y1.   If  neither  gate  is  selected 
the  Y  input  to  the  subtracter  is  zero.   The  selected  multiple  of  the 
divisor  is  added  in  the  first  signed-digit  subtracter  (SDSl  in 
Figure  2.1.1.1)  if  the  sign  of  the  partial  remainder,  A  ,  is  1;  it  is 
subtracted  if  A  is  0.   The  new  partial  remainder,  the  next  input  to 
the  model  division,  appears  at  the  output  of  SDSl.   For  the  next  radix 
h   division,  rather  than  shifting  the  partial  remainder  left  two 
positions,  the  input  to  the  model  is  shifted  right  by  two  positions. 
Figxire  2.10.2.1  summarizes  all  four  stages  of  one  pass  through  the 
subtracter  cascade. 
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Shift  Gate  Selected 

for  magnitude  of 
Position  Number  quotient  digit  = 

123U56T8QIII 
0  12 T 1 0 

^^^P^^  °^  MLTYl  ML6yi   none 

US-UM   -  -• '• 

To  Model 

°^^P^'  °^  ML5Y2  MLUY2  none 

SDS  1   0  0 . : 

To  Model 

Output  of 

SDS  2   0  0  00 . : M13Y3  ML2Y3  none 

I'd  Model 
Output  of 

SDS  3   0  0.0000 : MLIYU  MDYU   none 

« y, ' 

To  Model 

Note:   The  symbol  .  represents  the  radix  point  for  the  radix  h   model 
division.   The  symbol  :  represents  the  radix  point  for  the 
full  precision  division,  radix  256. 

SETTING  OF  NEG  SIGNALS: 

Division  Stage  No.         Positive  Partial       Negative  Partial 

Remainder  Remainder 

(A  =0)              (A  =  1) 
o o 

1  NEGO  =  NEGl  =  1  NEGO  =  NEGl  =  0 

2  NEGl  =  NEG3  =  1  NEGl  =  NEG2  =  0 

3  NEG2  =  NEG3  =  1  NEG2  =  NEG3  =  0 
k  NEG3  =  NEGi+  =  1  NEG3  =  NEGU  =  0 

Figure  2.10.^.1  -  Connection  of  Model  Division  to  Full 
Precision  Structure 
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I 
J 


Figure  2.10.2.2  is  a  block  diagram  of  the  entire  model  division 
structiore.   The  Input  Gating  is  an  MD-OR  complex  which  under  control  of 
signals  C  through  C,  gates  the  appropriate  digits  of  successive 
partial  remainders  into  the  Assimilation  box.   Before  continuing  with 
the  description  we  must  note  a  slight  complication  again  arising  from 
bogus  overflow.   In  Figure  2.10.2.1,  as  the  inputs  to  the  model  division 
are  moved  to  the  right,  zeros  are  shown  occupying  all  positions  to  the 
left  of  the  highest  order  input.   The  range  restrictions  on  the  shifted 
partial  remainders  are  such  that  the  positions  shown  as  zero  should 
indeed  be  zero  if  the  partial  remainders  were  not  in  a  redundant  form. 
But  due  to  bogus  overflow,  the  highest  order  digit  of  the  input  to  the 
model  may  be  1  with  a  1  in  the  position  immediately  to  the  left,  or 
vice-versa.   To  compensate  for  this  behavior  the  magnitude  of  the  digit 
immediately  to  the  left  of  the  model  input  is  monitored.   If  it  is  non- 
zero, then  the  sign  of  the  high-order  digit  into  the  model  is  complemented 
as  it  is  gated  into  the  Assimilation  box.   Note  that  the  0th  bit  of 
the  UM-Register  is  equivalent  to  the  8th  position  of  the  LM-Register. 

The  Assimilation  box  produces  a  two's  complement  version 
of  the  estimate  of  the  shifted  partial  remainder.   This  together 
with  the  Division  Interval  Select  Logic  drives  the  Quotient  Select 
Table.   The  quotient  digits  are  represented  in  the  same  signed-  digit 
format  as  produced  by  the  subtracters.   The  following  gives  the 
signed  digit  representation  of  each  quotient  digit  value: 

Quotient  Digit  Representation 

+2 
+1 

0 

0 

I 

2 
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Figure  2.10.2.2  -  Block  Diagram  of  Model  Division 
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Note  that  a  distinction  is  made  between  a  positive  and 
negative  zero.   The  sign  of  all  digits,  including  zero,  is  the  same 
as  the  sign  of  the  partial  remainder.   If  the  digit  0  is  formed 
then  zero  is  subtracted  from  the  partial  remainder.   If  the  digit  0 
is  formed  then  zero  is  added  to  the  partial  remainder.   As  shown  in 
the  proof  in  the  Appendix  of  DCL  Report  No.  333  this  method  of  handling 
a  zero  quotient  digit  eliminates  bogus  overflow  at  position  1  for 
division. 

The  quotient  digits  are  buffered  until  eight  are  collected. 
They  are  then  gated  to  the  low-order  byte  of  the  UH-UQ  Register. 
The  quotient  digilE  also  setup  the  shift  gates  and  NEG  signal  in 
accordance  with  description  in  Figiire  2.10.2.2.   The  operating  time 
of  the  model  is  sunxmarized  in  Table  2.10.2.1. 

Block  No.  of  Collector  Delays 

Input  Gating  2 

Assimilation  3 

Quotient  Selection  2 

Quotient  Storage  and 

Shift  Control  3 


Total  10 

Table  2.10.2.1  -  Operating  Times  of  the  Model  Division 

It  sho\ild  be  emphasized  that  the  scheme  used  in  the  model 
division  is  but  one  of  many  possibilities.   Since  the  amount  of  logic 
involved  is  quite  small  (lO  cards),  and  has  a  well  defined  interface 
and  is  physically  one  package,  it  is  quite  feasible  to  replace  the 
model  with  new,  hopefully  improved  versions. 
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2.10.3  Implementation 

The  input  gating  (Figure  2.10.2.2)  is  essentially  a  U-way 
selector  which  permits  the  truncated  version  of  the  partial  remainder 
(6  high-order  digits)  to  be  gated  to  the  model  division  from  one  of 
four  stations.   Each  position  of  the  selector  is  formed  by  connecting 
together  the  collectors  of  four,  228  NAND  gates.   One  of  the  gates  is 
a  228-03  variemt  with  the  normal  2.2K  ohm  collector  resistor;  the  other 
three  are  228-lU  variants  with  12K  ohm  collector  resistors.  Drawing 
No.  210-01  details  the  input  gating  logic. 

The  selected  estimate  of  the  partial  remainder  is  gated  onto 
the  PM  and  PS  lines.   At  this  point  the  partial  remainder  is  in  signed- 
digit  format.   PM  are  magnitude  bits  and  PS  are  the  corresponding  sign 
bits.   The  high-order  position  PS  ,  PM  must  be  subjected  to  the  same 
bogus  overflow  correction  remedy  as  described  in  Section  2. 5 •2.   The 
signals  DODMO ,  DIDMD,  D2DMD,  and  D3DMD  are  the  gate  signals.   They  and 
the  bogus  overflow  logic  are  defined  in  the  PL/l  description  in  Section 
2.10.U.   Note  that  DODMD  through  D3DMD  are  equivalent  to  the  signals 
CI  through  CU  shown  on  the  block  diagram,  Figure  2.10.2.2. 

The  output  of  the  input  gating  logic,  PS  and  PM,  drive  the 
assimilation  logic.   Here  the  estimate  of  the  partial  remainder  is 
converted  to  a  conventional,  2's  complement  form.   The  logic  used  is 
the  same  as  that  described  in  conjunction  with  the  propagation  logic 
(Section  2.7).   First  borrow  bits,  B,  are  generated  by  a  lookahead 
scheme.   These  bits  are  defined  as  follows: 

Bg   =   0 

B^   =  PSgPMg 

B,     =  PS^PM^   V  PM^   PS^   PM^ 
k  5      5  5        6        6 

B^   =  PS,  PM,     V  PM,  PS^PM^   V  PM,  PM^PS^PM^ 
3  k     k  1+55  4566 

B^   =  PS^PM^  V  PM^PS,  PM,    V  PM^PM,  PS^PM^   v  PM^PM,  PM^PS^   PM^ 
2  33  3UU  3455  34566 

B     =  PS  PM     V  PM  PS   PM     V  PM     PM^PS,  PM. 

V  PM^PM^PM,  PS^PM^   V  PM^PM^PM,  PM<,PS^PM^ 
23U55  234566 

These  B-bits  are  produced  by  297-03  diode-matrix  board  shown 
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in  Figure  2.10.3.1  and  on  Drawing  No.  210-02.   The  B-tits  are  combined 
in  an  exclusive-OR  -with  the  PM-bits  to  produce  the  A-bits.  A  through 
A/-  are  the  bits  of  the  2's  complement  form  of  the  partial  remainder. 
Specifically: 

A.  =  B.  ®  PM.    for  i  =  1,  6 
111 

Since  B^  =  0,  A^  =  PM^. 

A  is  the  sign  bit  and  is  identical  to  B  . 
o  o 


i 


A     =   B     =    (PS,    PM,    V  PM,    B,  )  •  ZERO 
o  o  11  11 


The  AITDing  with  ZERO  guarantees  that   zero  will   always  be  assigned  a 

positivi 

210-0l|. 


positive  sign  (A  =  O).   B  is  generated  by  logic  shown  on  Drawing  No, 


The  divisor  interval  selection  logic  is  also  illustrated  on 
Drawing  No.  210-02.   The  logic  converts  the  high  order  h   bits  of  divisor  into 
interval  signals  which  are  used  by  the  quotient  selection  table.   Note 
that  due  to  normalization  the  high  order  bit  of  the  divisor,  M  ,  is 
always  '1'  and  is  therefore  not  explicitly  used  in  the  divisor  interval 
logic.   The  logic  equations  implemented  in  this  logic  are  defined  in 
Table  2.10.1.1.   Figure  2.10.3.2  is  a  detail  of  the  logic  used  to 
implement  these  equations. 

The  signal  MDDINT  may  be  thought  of  as  a  gate  on  the  input 
to  the  divisor  interval  selection  logic.   It  will  be  set  to  1  for 
floating  and  fixed  point  division.   The  model  division  hardware  is, 
however     also  used  for  conversion  from  binary  to  decimal.   The 
conversion  algorithm  is  based  upon  integer  binary  division  by  1010  =  10-,  p,' 

In  this  case  MDDINT  is  left  at  0,  and  the  signal  DRTEN  is  set  to  1. 
This  signal  causes  the  divisor  to  appear  to  be  the  constant  1010;  the 
divisor  is  not  explicitly  stored  in  the  M-Register. 

The  assimilated  version  of  the  high-order  bits  of  the  divisor, 
A  through  A/-,  and  the  output  of  the  divisor  interval  selection  logic 
drive  the  quotient  selection  diode  matrix.  This  logic  implements  the 
equations  given  in  Section  2.10.1  -  U/U.  Figiire  2.10.3.3  illustrates 
the  table  upon  which  the  selection  for  positive  partial  remainders  is 
based.   Figure  2.10.3.^  illustrates  the  table  upon  which  the  selection 
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of  the  negative  partial  remainders  is  based.   Figures  2.10.3.5  and 
2.10.3.6  illustrate  the  actual  logic  with  which  the  tables  are 
implemented. 

At  this  point  refer  back  to  the  block  diagram.  Figure  2.10.2.2. 
Note  that  the  output  of  the  Quotient  Selection  Table  drives  the  quotient 
buffer  sjid  shift  control.   The  divisor  algorithm  for  the  main  subtracter 
cascade  (Upper  to  Lower  Registers)  is  radix  256,  i.e.  8  quotient  digits 
are  formed.   This  is  accomplished  by  four  applications  on  the  radix 
U  table  look-up  scheme.   The  results  of  each  of  these  radix  four  divisions 
(two  signed  digits)  are  stored  in  the  quotient  buffer  until  eight  digits 
have  been  formed.   At  that  point  the  eight  digits  are  transferred  to  the 
low-order  byte  of  the  UH  -  UQ  Registers.   The  digits  stored  in  the  quotient 
buffer  also  activate  the  M-Shift  gates  in  order  to  form  the  next  partial 
remainder.   Detailed  logic  for  the  quotient  buffer  is  given  on  Drawing 
Nos.  210-OU  and  210-05. 

The  quotient  buffer  consists  of  two  8  bit  registers,  the 
QM-Register  and  QS-Register.   The  positions  of  the  register  are  designated 
1  through  8,  left  to  right.   The  buffer  is  loaded  in  four  steps  under 
control  of  the  signals  LDQMS12,  LDQMS3^ ,  LDQMS56,  and  LDQMST8.   The 
quotient  is  represented  in  signed-digit  format.   QM.  holds  the  magnitude 
bit  and  QS.  the  corresponding  sign.   The  loading  of  the  positions  of  the 
QM  and  QS  Registers  is  defined  as  follows:   (Note  that  QM  and  QS  are 
initially  clear.) 


TWO  : 

=  TWOP  V  TWON 

ZERO 

=  ZEROP  V  ZERON 

0NE 

=  TWO  '  ZERO 

QM-^ 

=  TWO  '  LDQMS12 

QM2 

=  ONE  '   LDQMS12 

QS^ 

=  QS^  =  A^  '  LDQ] 

QM3 

=  TW0'LDQMS3U 

n 

=  0NE  '  LDQMS3U 

QS3 

=  QS^  =  A^--  LDQ 
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QM  =  TWO  LDQMS56 
Q>lg  =  ONE  LDQMS56 
QS  =  QSg  =  A   LDQMS56 

QM  =  TWO   L  DQMST8 

QMq  =  0NE  LDQMS78 

QS„  =  QSp  =  A   LDQMS78 
T     00 

The  true  outputs  of  the  QM  Register  are  coupled  through 
gates  (228-03)  to  the  "DV"  inputs  of  the  drivers  for  the  M-Shift  Array- 
as  shown  in  Figure  2.8.2.2.   The  correspondence  "between  the  QM  signals, 
the  DV  signals,  and  the  M-Shift  Signals  is  defined  "below.  DIV   is  a 
gate  signal  which  ena"bles  the  M-Shift  drivers  to  be  controlled  by  the 
model  division  rather  than  the  Multiplier  Recorder. 

ML7Y1  =  DVI28X  =  DIV   QM^ 

ml6yi  =  m6kx    =  div  qm 

ML5Y2  =  DV32X  =  DIV  QM 

MLUY2  =  DVI6X  =  DIV  QM, 

ML3Y3  =  DV8X  =  DIV  QM 

ML2Y3  =  DVUX  =  DIV  QM^ 

MLIYU  =  DV2X  =  DIV  QM 

MDY1+  =  DVIX  =  DIV  QMg 

The  setting  of  the  NEC  signals  into  the  signed-digit  subtracters  (Section 
2.5)  determine  whether  the  selected  multiple  of  the  divisor  is  combined 
by  addition  or  subtraction  with  the  partial  remainder.   The  NEC  signals, 
outputs  of  flip-flops,  are  set  as  a  function  of  the  sign  of  the  quotient 
selected  and  as  a  function  of  which  radix  four  division  sub-cycle  is 
being  executed.   For  division  the  setting  of  the  NEC  signals,  denoted 
DVNEG,  is  defined  as  follows: 
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NEGO  =  QS 

NEGl  =  DODMD  »  A^  =  LDQMS12  v  DIDMD  '  A  «  LDQMS3I+ 
NEG2  =  DIDMD  .  A^  -  LDQMS3J+  v  D2DMD  •  A  <  LDQMS56 
NEG3  =  D2DMD  ■  A^  •  LDQMS56  v  D3DMD  ;  A  •  LDQMS78 
NEGU  =  QS^ 
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2.11   Condition  Detect 

This  section  describes  a  variety  of  logic  which  detects  con- 
ditions upon  which  control  decisions  are  based.   The  condition  detect 
logic  includes  register  content  detection  such  as  UQ  Equal  Zero,  and 
comparison  and  bogus  result  detection. 

2.11.1  UQ  Zero  Detect 

2.11.1.1  General 

This  logic  detects  the  presence  of  all  zeros  in  the  UQ-Register 
and  various  subsections  of  the  register.   The  signal  UQEZ  (UQ  Equal  Zero) 
is  true  whenever  all  positions  of  the  UQ  Register  (UQ.  for  i  =  1  through 
6^+)  are  zero.   This  signal  is  used  to  detect  a  zero  multiplier,  a  zero 
dividend,  or  a  zero  result.   The  zero  detection  for  the  high  order  two 
bytes  is  somewhat  special.   The  logic  is  subdivided  into  four,  U-bit 
groups  with  outputs  denoted  UQIUeZ  (UQ  bits  1  through  h   equal  zero), 
UQ58EZ,  UQ912EZ,  and  UQ1316eZ.   These  signals  are  used  in  detecting  over- 
flow and  in  the  normalization  of  floating  point  results. 

The  next  section  describes  the  implementation  of  the  logic  and 
is  followed  by  detailed  PL/l  definition  of  all  signals  involved. 

2.11.1.2  Impl ement  at  i  on 

Figure  2.11.1.2.1  illustrates  the  logic  for  the  UQ-Register  Zero 
Detect.   The  bulk  of  the  logic  consists  of  the  two  variants  of  diode  matrix 
boards:   the  23^-20  and  23U-21.   The  23^-20  consists  of  two,  8-input  MDS 
and  2  inputs  for  an  OR.   The  23^^-21  consists  of  four,  U-input  MDS  and  2 
inputs  for  an  OR.   The  detailed  logic  is  shown  on  Drawing  211-01. 
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ugt-z : 


2 . 11 . 1 . 3     PL/1  Description  of   Signal  Names 
/^CONDITION    DETECT    FOR    THE    CONTENTS    OF    THE    UU-REGISTFR 


EQUAL  ZERO  */ 
PROCEDURE  BIT(  1  )  ; 

DECLARE(U014bZ»  UObHEZ,  U0912EZ,  U01316tZt  U02EZ,U03EZ, 
U04EZ  »U(Obfc Z,U06EZtU07EZ  )  RIT{  1  )  ; 
/*UQ14E7  */IF  SUBSTR(UQ» 1»4)=«0000'B  THEN  UOIAEZ  /*U0  BITS  1-4  EQUAL  IH 

=  «1«B  ELS^y014^-=«0'B;  

/*UQ58FZ  */IF  SURSTR |UQtb,4)=«0000»B  THEN  U058EZ  /*UQ  BITS  5-8  EQUAL  Zth 

=  •  1  'B  ELSE  UQ38EZ=»0»B; 
/-U0912FZ-/IF  SUBSTR(U0,9»4)  =  '0000'B  THEN  U0912EZ  /mO    BITS  9-12  EQUAL  Z 

=• I'B  ELSE  U0912EZ='0'B; 
/-U0131(SEZ'.^/ IF  SUBSTR{UQtl3,4)  =  «0000'B  THEN  U01316EZ  /*U0  BITS  13-16  tOI) 


ZER(i=::/  =11 
/-U02E7   'MIF  S1)BSTR(UQ,17»H)  =  (8 

=  •  1 
/-UQ3EZ   ^=/IF  SUBSTR(UQr2b»8)  =  (8 

=  •  1 
/-UQ4EZ   -/IF  SUBSTR(UQ,33,8)=(8 

=  •  1 
/-UQ5E7   */IF  SUBSTR (UQt41  ,8)  =  (8 

=  •  1 
/-UQ6EZ   ^:=/IF  SUBSTR  (U(-J,49,8  )  =  (  8 

=  •  1 
/=;H)Q7EZ   */IF  SI)BS1R(UQ,'37,8)  =  (8 

=  •  1 


B  ELSE  U01J16EZ='0'J;     _  _    

O'B  THEN  U02EZ  /*UQ  BYTE  2  EQUAL  ZERO*/ 

B  ELSE  UQ2EZ  ='0«B; 

•O'B    THEN    UQ3EZ    /*UQ    BYTE    3    EQUAL    ZEKD* 

B    ELSE    U03FZ     =«0'B; 

•O'B    THEN    UQ4EZ     /'HIQ    BYTE    4    EQUAL     Zbkll* 

B    ELSE    UQ4EZ    ='0'H; 

•O'B    THEN    U05EZ     /■n)Q    BYTE     5    EQUAL     ZERO* 

B    ELSE    U0  5EZ    =«0'B; 

'O^B  THEN  U06EZ  /*U0  BYTE  6  EQUAL  ZEkl)=:= 

B  ELSE  U06EZ=^0'B; 

•O'B  THEN  U07EZ  /^'UO    BYTE  7  EQUAL  ZERO*, 


B  ELSE  U07EZ='0»B;  

UOtZ  =  UQ14FZ  r.  UQ'58FZ  &  UQ912EZ  £  UQ131hFZ  L    UQ2EZ  &  UQ3E7 

£  UQ4EZ  r.  UQbEZ  &  U06EZ  &  UQ7EZ; 
RtlURNIUOEZ ) : 
END; 
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2.11.2  UH  Zero  Detect 


2.11.2.1   General 


This  logic  is  identical  to  the  UQ  Zero  Detect  except  that  it 
is  driven  by  the  UH-Register  rather  than  the  UQ-Register.   This  logic 
is  used  to  detect  a  zero  multiplicatnd  or  a  zero  divisor.   The  subsignals 
UHIUEZ,  UH58EZ,  UH912EZ  and  UH1316EZ  are  used  in  detecting  overflow. 

2.11.2.2  Implementation 

Figure  2.11.2.2.1  illustrates  the  logic  for  the  UH-Register 
Zero  Detect.   It  is  identical  to  the  UQ  Zero  Detect  Logic.   The  detailed 
logic  is  shown  on  Drawing  211-01. 
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2 . 11 . 2 . 3     PL/1  Description  of  Signal  Names 
/«CUNL)TTIUN    DfcTHCl     FUK    THt    CUNFENTS    Uh    THE    UH-KbGISTER 


bOUAL     7hRt]    */ 
PROCEDURE    BI T ( 1 ) : 

DFCLARE<  UH14E;,     UH58EZ,     UH912EZ,     UH1316E7,    IJH2E7.  »UH3EZ , 
UH4EZ  ,lJHbEZ»UH6EZ,UH7EZ)     BIT(  1  )  : 
♦IIH14EZ     «/IE    SUBSTRIUH,  1  ,4)  = 'OOOO'B     THEN    UH14EZ     /«UH    BITS    1-A    EQUAL     ZHKIJ':'/ 

='1'R    ELSE    UH14EZ=»0'B;     _    

»llHb8E7     */IE    SIJBSTR  (  UH,'5,4)  = 'OOOO'B    THEN    UHbBEZ     /*1)H"bITS    5-fl    EQUAL    7ERU*/"' 

=' 1 'B    ELSE    UHb8EZ='0'B: 
vlJH91?^^Z-/ I  E    SUBSTR  (  UH,4,A)  = 'OOOO'B    THEN    UH912EZ    /*UH    BITS    9-12    EQUAL     7EKU=:=/ 

='1'B    ELSE    UH912EZ='0»B: 
«IIH131^E7-/ IE     SUBSTR(UH,  13,4)  =  "OOOO'B    THEN    UH1316EZ     /*IJH    HITS     13-16    bOUAL 

7ERn=!=/  =»1»B  ELSE  UHl  31  6EZ=  •  0  '  B  ; 

«/IE  SUBSTR(UH, 17,8)= (8) 'O'B  THEN  UH2EZ  /=njH  BYTE  2  EQUAL  ZERU*/ 

=  '1'B  ELSE  UH2E7  ='()'B; 
-/IE  SUBSTR(UH,2b,8)  =  (8)  'O'B  THEN  UH3EZ  /*UH  BYTE  3  EQUAL  7EK(I=:V 

='1'B  ELSE  UH3EZ  ='0«B; 
^=/IE  SUBSTRI  UH,33,8)  =  (  8)  'O'B  THEN  UH4EZ  /*UH  BYTE  4  EQUAL  ZER(I*/ 

='1'B  ELSE  UH4EZ  =»0'B; 
-/IE  SUBSTR  (  UH,41  ,8  )  =  (  8)  'O'B  THEN  UH5EZ  /*UH  BYTE  5'"E0UAL  ZERU'i^/ 

=• 1 'B  ELSE  UH^bZ  =»0«B; 
*/IF  SUBSTR  (  UH,49,8)  =  (8)  'O'S  THEN  UH6EZ  /-UH  BYTE  ft  EQUAL  ZER()=;=/ 

='1'B  ELSE  UH6EZ=«0'B; 
^=/IE  SUBSTR  (  UH, 57,8  )  =  (  8)  '  O'B  THEN  UH7EZ  /*UH  BYTE  7  EQUAL  ZbRU"-:^/ 

='1«B  ELSE  UH7EZ='0'B;  

UHEZ    =    UH14E7     &    UH58EZ     &    UH912EZ    L    UH1316EZ    L    UH2EZ&    UH3EZ 

&    UH4EZ    L    UHbbZ     &    UH6EZ     &    UH7EZ; 
RETURN! UHEZ ) : 
ENU: 
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2.11.3  UQ  All  Ones  Detect 

2.11.3.1  General 

This  logic  detects  the  presence  of  all  ones  in  certain  sub- 
sections of  the  UQ  Register.   The  signal  UQO3A0  is  true  whenever  all 
positions  of  byte  0  through  byte  3  of  the  UQ  are  one.   This  signal  is 
used  primarily  in  detecting  overflow  of  negative  integers.   The  signal 
UQU5A0  is  true  whenever  all  positions  of  byte  h   and  byte  5  3.re   one. 

2 . 11 . 3 . 2  Implementat  ion 

Fig\ire  2.11.3-2.1  illustrates  the  logic  for  the  all  ones  detect. 
It  is  essential  the  same  as  the  UQ  Zero  Detect  logic  except  that  the  in- 
puts are  true  rather  than  complement  side  of  the  UQ  Register. 
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2.11.3.3     PL/1  Description  of  Signal  Names 

U(0O3AO:  /*C()NIHTIGN    OeibCT    FOR    THE    CUNTENJS    GF    BYTES    0-3    GFTHE 

GO    REGISTER     ALL    ONES    */ 
PRGCEDGRF    BTT( 1 ) ; 

DECLARh(UOOAG»G01AG,GQ2AO»G03AG)     BIT( 1 ) ; 
/-GOOAG       'I'/IF    SGBSTR(  GOt  1  tB)=  (  8)  •  1  '  B    THEN    GOOAG    /'I^IJO    BYl  F    0    ALL    ONES*/ 

=  '  1  • B     ELSE    GQOAG    ='0»B; 
/'iniQlAG       =;VIF    SGRSTR(U(0t4,H)=  (8)  '  1 'B    THEN    GOIAO    /*G0    BYTE     1     ALL    GMES*/ 

=  •  1  'R    ELSE    GUI  AG    ='0«B; 
/*GQ;?An       =;</IF    SGBSTR  (  go,  17»8  )  =  (  H  )  •  l  •  B    then    G02AG    /=:^G0    BYTE    2     ALL    GMES*/ 

=  •  1  'B    ELSE    G02AG    ='0«B; 
/=;=G03AG       ^/IF    SGBSTR  {  GQ,25,H  )=  (  H)  •  1  'B     THEN    G03A0    />M)0    BYTE    3    ALL    ONES*/ 

=  •  1  'B    ELSE    G0  3A0    ='0'B; 

IJ003AG  =  GQOAG  f.  GOIAO  &  G02AG  &  G03AG; 

RETGRN(G003AG) ; 
END; 
U045A0:      /-CONDI  I  IfJN  DETECT  FOR  THE  CONTENTS  OF  BYTES  A-b  OF  THE 
GO  REGISTER  ALL  GNES=;=/ 
PROCEDGRE  BIT(  1  )  ; 
DECLARE  (G04AG,G0SA0)  BIT(l); 
/-G04A0   =:-/IF  SGBSTR  (  GO  ,  33  »  8  )  =  (  8  )  '  1  •  B  THEN  GO^AO  /=;=G0  BYTE  4  ALL  ONES*/ 

=  •  1  ' B  ELSE  G04AG  = 'O'B; 
/-G05An   =;^/IF  SGBSTR  (G0,41  ,8)  =  (8)  •  1 'B  THEN  G05A0  /*G0  BYTE  5  ALL  ONES*/ 

= • 1 'B  ELSE  G05A0  ='0«B; 
G04bA0  =  G04A0  £  GObAG; 
RETGRN  ( GOAbAG) ; 
END; 
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2.11.U  Flag  Registers 
2.11.4.1  General 

The  data  structure  of  Illiac  III  includes  a  flag  bit  with  each 
byte.   As  arithmetic  operetnds  are  loaded  into  registers  of  an  arithmetic 
unit  the  flags  of  operands  (A-op  and  B-op)  are  stored  in  the  FA  and  FB 
registers,  respectively.   The  flags  of  the  result  are  normally  taken 
from  the  flags  of  the  FA  register  in  accordance  with  the  conventions 
described  in  Section  1.5-   For  a  comparison  or  bogus  condition  the  flags 
of  the  resxilt  are  not  the  flags  of  the  A-Operand  but  rather  are  set  as 
an  indication  of  the  result  of  the  comparison  or  the  nature  of  the  bogus 
condition.   The  setting  of  the  indicators  (DV,  LS ,  GT,  EQ,  LT,  FM,  UM  and 
ID)  are  loaded  into  the  FA-Register. 

The  flags  of  each  word  of  operand  are  brought  in  on  lines  V  > 
V   »  V   and  V,   of  the  V-BUS.   These  bits  may  be  loaded  into  either 
the  right  or  left  four  bits  of  either  the  FA-Register  or  FB-Register. 
The  input  path  to  the  FA-Register  includes  a  two-way  selector:  one  path 
allows  the  flags  from  the  V-BUS  to  be  stored;  the  other  allows  the 
condition  indicators  to  be  stored.   The  FB-Register  requires  no  input 
selector  since  it  is  loaded  only  from  the  V-BUS.   The  output  of  the  FA 
Selector  is  denoted  FASEL.   The  signals  associated  with  these  operations 
are  described  below  and  defined  with  PL/1  notation  in  Section  2.11.U.3. 

Signal  Name  Description 

FAILFA  Select  the  flags  of  the  Al  operand  (the 

first  word  of  the  A  operand)  to  the  left 
half  of  the  FA-Register.  Once  selected, 
the  flags  are  loaded  into  the  flip-flops 
under  control  of  LDFAL  (Load  FA  Left). 
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Signal  Name 
FA2RFA 


Description 

Select  the  flags  of  the  A2  operand  (the 
second  word  of  the  A  operand)  to  the 
right  half  of  the  FA  Register.   Once 
selected,  the  flags  are  loaded  into  the 
flip-flops  under  control  of  LDFAR  (Load 
FA  Right). 


FBILFB 


Select  and  load  the  flags  of  the  Bl 
operand  (the  first  word  of  the  B  Operand) 
into  the  left  half  of  the  FB-Register. 


FB2RFB 


Select  and  load  the  flags  of  the  B2  operand 
(the  second  word  of  the  B  Operand)  into 
the  right  half  of  the  FB-Register. 


INDFA 
LDFAL 

LDFAR 


Indicators  direct  to  FA-Register. 


Load  FA-Register,  left  half,  from  FAS EL  - 


FASEL,  . 


Load  FA-Register,  right  half,  from  FAS EL  - 
FASELn . 
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2.11.U.2   Impl emen  t  at  i  on 

Figures  2. 11. U. 2.1  and  2. 11. U. 2.2  are  block  diagrams  of  the 
FA  and  FB  registers,  respectively.   Figure  2.11.i+.2.3  illustrates  the 
logic  of  a  typicaJ.  position  of  the  FA-Register.   The  FB-Register  consists 
solely  of  a  260-00.   Detailed  logic  is  shown  on  Drawing  No.  211-02. 
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Figure  2. 11. U. 2.1  -  Block  Diagram  of  FA-Register 
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Figure  2. 11. U. 2. 3  -  Typical  Position  of  FA-Begister 
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2.11.U.3     PL/1  Description  of  Signal   Names 

^PL/1     neSCRIPIIUN    Uh     signal    NAi-bS    KtLhVAlMT     T(J    FLAi,    RtGISTFKS*/ 
aHFLFVA^jT    DRAWING    NUMBtR:     ^11-02     */ 

D-CLARt  l-A  HIT(8);  /=:--FLAGS  OF  A-UPERAND  RtGlSTER  */ 

DtCLARt  FB  BIT(H);  /=:'FLAGS  UF  B-UPFRANL)  REGISTER  «/ 

DECLARE  "-ASEL  B  I  T  (  8  )  ;  / 'i^RUE  OUTPUT  UF  FA-REGISTFR 

SELECTOR*/ 

DECLARE  EM  ENIRY  RE  TURN ( B I T (  I  )  ) 
AlLFA:      /=;=FLAGS  UF  WURO  1  UF  A-UP  TO  LEFT  HALE  UF  FA  REG  */ 

PROCEDURE : 

SUBSTR{FASELtl.^)  =  SUBSTR(V,19,I)|  |SUfiSlR(Vt29,l)  I  I 

SUBSTRI V»39t 1 )  I  I SUBSl R ( V t ^9 , 1 ) : 

END; 
a2RFA:  /-FLAGS    UF    WORD     ?    UF     A-OP     TO    RI(,HT     HALF    OF     FA    ''.=  / 

PROCEDUKE; 

SUBSTR{FASELtt),4)=SUBSTR(V,19,l)  I  iSUBSTRIVr^S,!)!  I 

SUBSTRI V»39, 1  )  I  I SUBSTRI V,49t 1  ) ; 

END: 
^ILFB:      /*FLAGS  OF  WORD  1  UF  B-UP  TU  LEFT  HALF  LF  FB':'/ 

PROCFUURE ; 

SUBSTR(FB, 1 ,A)=SUBSTR( V,19, 1  )  I  I SUBSTR(V,2  9, 1 )  I  I 

SUKSTRI Vt39t 1 )  I  I SUBSTR( V,A9» 1 ) ; 

EiMO: 
tt2RFB:      /*FLA&S  UF  WORD  2  OF  B-OP  TU  RIGHT  HALF  [)F  FB*/ 

PROCEDURE: 

SUBSTR(FB,!5,4)  =  SUBSTR(V»19,1)||SUBSTR(V,29,1)|| 

SUBSTR( V,39, 1  )  I  I SUBSTRi VtA9, 1 )  ; 

END: 
«<:  PROCEDURE  Brr(l);  /*  FLAG  MATCH  f)ETECTIUi\l  */ 

DECLARE  1 EMP  BI T (  1  )  ; 

IF(  ( FA&FB)  I  (-FAS-FB)  )  =  •  11111111 'B  THEN  TEMP='1'B; 

ELSE  TEr'iP=«0'B; 

REIURN  ( TEMP ) ; 

END; 
XDFA:      /*SELECr  INDICATORS  DIRECT  TO  FA  */ 

PROCEDORE; 

FASEL=  GTI  I EOl  I LT|  |0V|  | FM|  |UN|  |LS I  I  ID; 

END; 
^FAL:       /*LOAD  LEFT  HALF  OF  FA  */ 

PROCEDORE ; 

SUBS1R(FA,1,4)=SUBSTR(FASEL,1,^): 

END; 
l)FAR:       /*LUAD  RIGHT  HALF  CF  FA  */ 

PROCEDURE ; 

SUBSTR  (  FA, 'D,^)=SUBSTR{  EASEL,  b,4); 

END; 
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2.11.5  Flag  Match 
2.11.5.1  General 

A  flag  bit  is  associated  vith  each  byte  of  the  operands.   As 
the  operands  are  loaded  into  AU  registers  the  flags  of  the  A  and  B 
operands  are  stored  in  the  FA  and  FB  registers,  respectively.   In  the 
course  of  a  compare  operation  (CPRA)  the  flags  of  the  two  operands  are 
also  tested  for  identity.   If  the  flags  of  the  two  operands  are  identical 
the  Flag  Match  (FM)  signal  is  set  to  one.   If  11  denotes  a  Boolean  product, 
m  equals  the  number  of  bytes  per  operand,  and  '='  denotes  the  identity 
operator  thus 

m 

FM  =  .n,  (FA.  E  FB. )  , 
1=1     1     1 

2 . 11 . 5 • 2  Implement at  ion 

Figure  2.11.5.2.1  illustrates  the  Flag  Match  logic.   Detailed 
logic  is  shown  on  Drawing  No.  211-02. 
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Figure  2.11.5.2.1  -  Flag  Match  Logic 
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2.12  Exponent  Arithmetic  Unit 
2.12.1  General 

The  Exponent  Arithmetic  Unit  (EAU)  perfonns  arithmetic  on 
the  exponents  of  floating  point  operands  during  floating  point  (Number 
Type  =  10)  operations.   For  addition,  subtraction  and  comparison,  the 
difference  of  the  exponent  is  formed  and  used  to  control  a  shift  loop 
which  aligns  the  radix  points  of  the  fractional  part  of  the  two  operands, 
The  exponent  of  the  result  is  the  same  as  the  larger  exponent  of  the 
two  operands.   For  multiplication  and  division  no  alignment  is  required. 
The  exponent  of  a  product  is  the  sum  of  the  exponents  of  the  operands. 
The  exponent  of  a  quotient  is  the  difference  of  the  exponent  of  the 
dividend  and  divisor.   The  role  of  the  EAU  in  each  floating  point  opera- 
tion is  defined  in  detail  in  Section  3.^. 

The  exponents  are  expressed  in  an  excess  6h   notation.   The  bit 
representation  for  an  exponent  value,  X  (base  10)  in  excess  6k   notation 
may  be  formed  by  adding  6h    (base  10 )  to  X  (base  10)  and  converting  the 
result  to  the  binary  equivalent.   A  consequence  of  this  notation  is  that 
the  high  order  bit  is  1  for  positive  or  zero  values  and  0  for  negative 
values.   The  range  of  allowable  exponent  values  -6k   through  +63-   Table 
2.12.1.1  defines  the  representation  for  all  exponent  values. 

The  EAU  is  implemented  with  the  Texas  Instruments  7^00  Series 
Dual  Inline  packaged  logic . 

Figure  2.12.1.1  is  a  block  diagram  of  the  EAU.   The  bulk  of 
Section  2.12  will  be  a  description  of  each  of  the  blocks  of  this  figure. 
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Table  2.12.1.1  -  Excess-6U  Notation  Used  in  Exponent  Unit 


Magnitude 


Positive 
Representation 


Negative 
Representation 


0 
1 
2 
3 

h 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Ik 

15 

16 

IT 

18 

19 
20 
21 
22 
23 
2U 

25 
26 

27 
28 
29 
30 
31 
32 


1000000 
1000001 
1000010 
1000011 
1000100 
1000101 
1000110 
1000111 
1001000 
1001001 
1001010 
1001011 
1001100 
1001101 
1001110 
1001111 
1010000 
1010001 
1010010 
1010011 
1010100 
1010101 
1010110 
1010111 
1011000 
1011001 
1011010 
1011011 
1011100 
1011101 
1011110 
1011111 
1100000 


None 

oiiiiai 

0111110 
0111101 
0111100 
0111011 
0111010 
0111001 
0111000 
0110111 
0110110 
0110101 
0110100 
0110011 
0110010 
0110001 
0110000 
0101111 
0101110 
0101101 
0101100 
0101011 
0101010 
0101001 
0101000 
0100111 
0100110 
0100101 
0100100 
0100011 
0100010 
0100001 
0100000 
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Table  2.12.1.1  -  (Continued)  -  Excess-6U  Notation  Use  in  Exponent  Unit 


Magnitude 

33 
3U 

35 
36 
37 
38 

39 
1+0 
Ul 
k2 
k3 
kk 
U5 
kS 
hi 
k8 
h9 
50 
51 
52 
53 
5h 

55 
56 

57 
58 
59 
60 
61 
62 
63 
6U 


Positive 
Representation 

1100001 
1100010 
1100011 
1100100 
1100101 
1100110 
1100111 
1101000 
1101001 
1101010 
1101011 
1101100 
1101101 
1101110 
1101111 
1110000 
1110001 
1110010 
1110011 
1110100 
1110101 

mono 

1110111 
1111000 
1111001 
1111010 
1111011 
1111100 
1111101 
1111110 

1111111 

None 


Negative 
Representation 

0011111 
0011110 
0011101 
0011100 
0011011 
0011010 
0011001 
0011000 
0010111 
0010110 
0010101 
0010100 
0010011 
0010010 
0010001 
0010000 
0001111 
0001110 
0001101 

oooiioo 

0001011 
0001010 
0001001 
0001000 
0000111 
0000110 
0000101 
0000100 
0000011 
0000010 
0000001 
0000000 
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NOTE: 

1)  EXPONENT    UNIT    WILL   BE    IMPLEMENTED    WITH 
T  I       7400    SERIES.    I  C     LOGIC 
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Figure  2.12.1.1  -  Block  Diagram  of  Exponent  Arithmetic  Unit 
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2.12.2  Level  Shifters 

Since  the  IOI8-DTL  logic  and  the  Texas  Instr\iments  TTL  logic 
have  somewhat  different  operating  ratings,  attention  must  be  given  to 
connections  between  the  two.   The  supply  voltage  to  the  TTL  logic, 
V_,  ,  is  restricted  to  a  range  between  h.9   and  5-6  volts.*  The  logical 
one  input  to  the  TTL  logic  should  not  exceed  V   and  therefore  the 
nominal  +6  logical  one  output  of  the  DTL  logic  must  be  reduced  before 
it  drives  TTL  logic.   All  TTL  logic  to  be  driven  by  DTL  logic  will  be 
mounted  on  the  universal  1018-299  board.   The  conversion  from  DTL  to 
TTL  logic  is  accomplished  by  placing  a  diode  on  the  299  board  for  each 
pin  which  is  to  be  used  as  an  input  from  DTL  logic.   This  forward  biased 
provides  adequate  level  shifting.   The  Level  Shifter  box  in  the  upper 
right  portion  of  Figure  2.12.1.1  consists  merely  of  these  diodes.   The 
signals  V  *  -  V  *  at  the  output  of  the  shifter  correspond  to  V   -  V  □ 
at  the  input. 

The  conversion  from  TTL  to  DTL  logic  requires  no  intervening 
components  but  is  subject  to  constraints.   The  TTL  logic  must  be  capable 
of  sinking  all  the  current  required  to  hold  the  input  of  the  DTL  logic 
at  "0".   Most  TTL  units  will  sink  16  ma.  and  thus  could  drive  up  to 
four  DTL  units.   The  Level  Shifter  in  the  lower  left  hand  portion  of 
Figure  2.12.1.1  therefore  represents  no  hardware:  it  merely  denotes  the 
interface  between  the  two  types  of  logic . 


*R.  Borovec  -  Internal  Memo  to  Illiac  III  Engineering  Staff,  August  1,  1969- 
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2.12.3  Registers 

The  Exponent  Arithmetic  Unit  includes  four  registers  for 
storing  seven  bit  exponents  and  results.   The  accumulator  is  the 
EUU-Register  (Exponent  Unit  Upper  Register)  which  is  analogous  to 
the  US-UM  Registers  of  the  main  arithmetic  unit.   Note,  however,  that 
a  redundant  representation  is  not  used  in  the  exponent  unit  as  it  is  in 
the  main  unit  and  therefore  only  one  storage  position  per  digit  is 
required.   The  secondary  rank  of  the  accumulator  is  the  EUL-Register 
(Exponent  Unit  Lower  Register).   It  is  analogous  to  the  LS-LM  Registers 
of  the  main  AU.   The  EUL-Register  is  also  an  integral  part  of  an  up-down 
counter  which  is  used  to  control  the  right  shifting  required  for  pre- 
alignment  of  the  radix  point.   The  EUU  Register  supplies  one  operand  to 
the  adder;  the  EUM  Register  supplies  the  other.   The  EUM  Register 
(Exponent  Unit  M-Register)  is  analogous  to  the  M-Register  of  the  main  AU. 
The  EU  also  includes  an  auxiliary  register,  the  EUX-Register.   It  is  used 
in  the  polynomial  evaluation  routine  which  evaluates  polynomials,  P(X). 
This  register  stores  the  exponent  of  X  and  thereby  frees  the  EUM  and 
EUU  Registers  for  storing  the  exponent  of  the  partial  result  and  the 
current  exponent  of  the  current  coefficient. 

The  storage  for  all  but  the  EUL-Register  is  implemented  with 
the  Texas  Instrioments  SN7^T5N  Quadruple  Bistable  Latch  shown  in  Figure 
2.12.3.1.   (from  Texas  Instruments  New  Products  Bulletin  SC9605, 
February  1967).   Information  present  at  a  data  (D)  input  is  transferred 
to  the  Q  output  when  the  clock  is  high,  and  the  Q  output  will  follow  the 
data  input  as  long  as  the  clock  remains  high.   When  the  clock  goes  low, 
the  information  (that  was  present  at  the  data  input  at  the  time  the 
transition  occurred  is  retained  at  the  Q  output  (latched)  until  the 
clock  is  permitted  to  go  high.   The  clock  p\ilse  width  should  be  at 
least  30  ns.   The  clock  signal  will  be  referred  to  as  a  "Load"  signal 
in  discussions  of  the  application  in  the  arithmetic  units. 

The  EUL-Register  is  implemented  with  the  SN7U7U  Dual  D-Type 
Edge-Triggered  flip-flop.   This  flip-flop  will  be  described  in  discussion 
of  the  EUL-Register  and  EUL  Counter. 
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logic 
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positive  logic 


See  Truth  Toble 


description 


The  SN7475N  is  a  monolithic,  quadruple,  bistable  lotch  with  complementary  Q  and  S  outputs.     Information  present  at  a  data  (D) 
input  is  tronsferred  to  the  Q  output  when  the  clock  is  high,  and  the  Q  output  will  follow  the  data  input  as  long  as  the  clock  remains 
high.    When  the  clock  goes  low,  the  information  (that  was  present  at  the  data  input  ot  the  time  the  transition  occurred)  is  retoined  at 
the  Q  output  until  the  clock  is  permitted  to  go  high.     Pin  assignments,  or  physical  placement  of  the  logical  functions,  were  selected 
to  coincide  with  the  physical  placement  of  logical  functions  of  other  Series  74  circuits  which  ore  most  likely  to  be  used  as  inputs  to, 
or  outputs  from,  the  SN7475N. 

This  lotch  is  ideally  suited  for  use  as  temporary  storage  for  binory  Information  between  processing  units  and  input/output  or  indicator 
units.    Applicotions  are  shown  for  the  SN7475N  being  used  for  temporary  storage  of  4-bit  binary  data  and  as  a  dual  master-slave 
flip-flop  with  two-phase  clocking. 


(From  Texas  Instrument  I967-68  Integrated  Circuits  Catalog) 
Figure  2.12.3.1  T.  I.  SN7UT5N  Quadruple  BistaMe  Latch 
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2.12.3.1  EUM-Register 

The  EUM  (Exponent  Unit  M-Register)  Register  consists  of  7 
bits  of  storage  and  seven  positions  of  a  two-way  selector.   It  also 
includes  complementing  logic  on  its  output.   This  register  stores 
the  exponent  of  the  B-Operand.   The  contents  of  EUU  may  be  combined 
by  addition  or  subtraction  with  the  contents  of  the  EUU  Register. 

The  storage  for  the  EUM-Register  is  implemented  with  two 
packages  of  the  SNT^TSN  Quadruple  Bistable  Latch  previously  described 
in  Section  2.12. 3-  A  two-way  selector  into  the  latch  provides  either 
V  *  through  V  Q*  by  selecting  EBDEUM,  the  output  of  the  EUX-Register 
by  selecting  EUXDEUM,  or  all  zeros  (for  reset)  by  selecting  neither. 
The  output  of  EUM  drives  a  set  of  exclusive  -OR  (complementing  logic) 
gates  which  in  turn  drive  an  input  to  the  adder  (EAY).   When  EUDIFF 
is  zerojthe  true  contents  of  the  EUM  drive  the  adder;  when  EUDIFF  is 
one,  the  complement  of  the  contents  of  the  EUM  drives  the  adder.   This 
facility  is  used  in  performing  subtraction  of  exponents. 

Figure  2.12.3.1.1  illustrates  a  typical  position  of  the  EUM- 
Register  and  Selectors.   Note  that  the  output  of  the  selector  (EUMSEL) 
which  drives  the  "D"  input  to  the  quad  latch  is  in  the  complement  form. 
The  logical  interpretation  of  the  outputs  of  the  latch  are  therefore 
interchanged.   The  Q  output  corresponds  to  EUM  while  the  Q  output  cor- 
responds to  Q.   Detail  logic  is  shown  on  Drawing  No.  212-02. 
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Figure  2.12.3.1.1   -  Typical   Position  of  EUM  Register  and 

Selector 
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2.12.3.2  EUU-Register 

The  EUU-Register  (Exponent  Unit  Upper  Register)  consists  of 
seven  bits  of  storage  and  seven  positions  of  a  two-way  selector.   It 
is  the  primary  rank  of  the  accxunulator .   It  initially  stores  the 
exponent  of  the  A-Operand  by  the  selection  of  EADEUU.   The  signal 
EULDEUU  selects  the  contents  of  the  secondary  rajik  of  the  accmnulator 
(EUL)  for  return  to  the  EUU  register.   This  path  is  necessary  in  per- 
forming the  polynomial  evaluation;  the  exponent  of  the  partial  result 
is  gated  back  to  the  EUU  for  combination  with  the  exponent  of  the 
next  coefficient. 

The  EUU-Register/ Selector  is  logically  identical  to  the 
EUM  Register /Selector  except  that  no  complementing  logic  on  the  out- 
puts is  required.   Fig\ire  2.12.3.2.1  is  a  typical  position  of  the  EUU 
Register  and  Selectors.   Detailed  logic  is  shown  on  Drawing  No.  212-02, 
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EADEUU 


LDEUU 


/4      SN7475N 


EUUj       EUUj 
(TO   INPUT    OF   ADDER) 


Figure  2.12.3.2.1   -  Typical   Position  of  EUU  Register 

and  Selector 
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2.12.3.3  EIDC  Register 

The  EUX  Register  is  an  auxiliary  register  required  for  the 
storing  of  the  exponent  of  the  argument,  X,  of  the  polynomial,  P(X) , 
during  POLY.   It  is  loaded  from  V  *  -  V  q*  and  drives  the  EUM  Selector, 

The  EUX-Register  is  implemented  with  the  SNTU75N  Quadruple 
Latch.   Figure  2.12. 3- S-l  illustrates  a  typical  position.   Detailed 
logic  is  shown  on  Drawing  No.  212-02. 
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2.12. 3. i+  EUL-Register 

The  EUL  Register  is  em  integral  part  of  the  EUL  Counter.   It 
is  described  in  Section  2.12.6. 
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2.12.U  Exponent  Unit  Adder 

The  Exponent  Unit  Adder  is  implemented  with  one  package  of  the 
Texas  Instriunents  -  SN7^83N  four  bit  adder,  and  two  packages  of  the 
Texas  Instruments  -  SN7U82N  two  bit  adders.   These  packages  are  carry- 
ripple  full  adders.   The  logic  equations  for  the  ith  position  of  the 
adder  are  as  follows : 

Let  A.  and  B.  be  the  ith  bits  of  the  two  numbers  to  be  added; 
1      1 

Z.  the  sum  bit:  C.  ,  the  carry  into  the  position;  and  C  _, ,  the  carry  out 

1  in  r-  5  Q^^ 

Then: 


Z.    =    (A.    ®  B. ) 
111 


C.      V    (A.    5   B. ) 
in  1  1 


m 


C     ^   =  A.    B.    V  C.       (A.    ®  B.  ■ 
out  11  m        1  1' 


Note  that  C  _^  from  stage  i  is  C.   to  stage  i-1. 
out         °  m 

The  high-order  position,  position  1,  of  the  adder  requires  some 
special  attention  since  the  operands  are  represented  in  an  excess  6h   nota- 
tion.  Recall  that  a  number  with  decimal  value,  x,  is  converted  to  excess 
6U  notation,  denoted  x' ,  by  adding  6U ,  thus  x'  =  x  +  6h .      Similarly  for 
another  n\imber,  y,  y'  =  y  +  6^ .   The  sum  of  x'  and  y'  should  also  be  in 
excess  6k   notation,  thus  x'  +  y'  should  he  x  +  y  +   6h.      Similarly  for 
tion  of  x'  and  y',x'+y'=x  +  6h   +  y     +  6h  =  x     +y  +  128.   A  correction 
is  required  to  change  the  result  to  x  +  y  +  6U.   Since  the  adder  is  only  7 
bits  wide,  addition/subtraction  is  performed  mod  128.   The  128  in  x  +  y  +  128 
is  lost.   A  correction  therefore  consists  of  adding  6k,    i.e.  adding  a  '1'  in 
position  1. 

Consider  a  truth  table  for  position  1. 


Constant 

c. 

in 

h 

^1 

of  1 

^1 

out 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

1 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

0 
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From  the  above  table 

Note  that  this  equation  is  identical  to  the  general  equation 

given  above  for  Z.  except  that  the  role  of  C.   and  C.   are  interchanged. 

The  adder  will  therefore  perforin  correct  excess  6k   arithmetic  if  C  ^  of 

out 

position  2  is  inverted  prior  to  becoming  C.   to  position  1. 

Figure  2.12.U.1  illustrates  the  logic  for  the  adder.   The  inputs 
axe  the  outputs  of  the  EUM  complementing  logic,  EAY,  and  the  output  of  the 
accumulator,  EUU.   The  output  of  the  adder  drives  the  input  to  the  EUL- 
Register. 

Note  that  the  carry  input  to  the  low  order  position,  position  T> 
is  driven  by  the  signal  EUDIFF.   (Exponent  Unit  Difference).  When  the 
contents  of  EUM  are  to  be  subtracted  from  the  contents  of  EUU,  EUDIFF  is 
set  to  1.   This  causes  EAY  to  become  the  ones  complement  of  EUM  and  the 
carry  into  position  7  to  become  one.   The  two's  complement  of  the  contents 
of  EUM  is  thereby  added  to  the  contents  of  EUU. 

The  adder  logic  is  shown  on  Drawing  No.  212-04. 
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Figure  2.12.U.1  Exponent  Arithmetic  Unit  Adder 
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2.12.5  Adder  Overflov  and  Underflow  Detect 

The  exponent  values  of  Illiac  III  are  in  the  so-called  "excess  6U" 

form  as  shown  in  Table  2.12,1.1.  Aseven  bit  pattern,  A  ,  A«,  A^,  A,  ,  A  , 

A,,  A  has  the  algebraic  value: 
6   T 

V(A)  =  (A^-1)  6U  +  I     A.   2^'^'^^ 


i=2   ^ 


Overflow  Conditions 


The  maxim\jm  V(A)  for  this  notation  is  +63-   Note 

V(A)  +  V(B)  =  (A  -1+B  -1)  •6k      +  Z   (A.  +  B. )  •  2'  ^^^ 

i=2 

^ V '        ^ V ' 

(a)  (b) 


Ter   (a)  is  max  when  A,  =  B^  =  1.   Thus  overflow  will  occvir 
when  A  =  B  =  1  and  the  value  of  (b)  is  greater  than  63,  i.e.  when  there 
is  a  carry  from  position  1.   Thus  0V  =  A,  •  B-,  •  C 

Underflow  Conditions 

Similarly  the  minimxam  V(A)  for  this  notation  is  -64.  When  either 
A  or  B  (but  not  both)  are  zero  then  term  (a)  is  -6U  which  is  within  this 
limit.   Term  (b)  can  only  contribute  in  the  positive  ("more  in  range") 
direction.   But  when  A  =  B  =  0,  term  a  =  -128  and  thus  term  b  must  be 
at  least  +6U  if  result  is  in  range,  i.e.  there  must  be  a  carry  from 
position  1.   Thus 


""  =  Al-=l'^IN^ 
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The  excess  6k   arithmetic  is  performed  with  full  adders  with 
an  inverter  in  the  carry  path  between  position  1  and  0.   This  has  the 
effect  of  adding  the  two  integers  as  if  they  were  positive  integers  and 
then  adding  6k.      Subtraction  is  performed  by  forming  a  I's  complement 
of  the  EUM  input  and  injecting  a  carry  into  position  ?• 


For  position  one  (l)  of  EUU  adder  let  C-,  .   =  C_  out, 
^  Im    2 


^2  out 

=lin 

A. 

1 

B. 

1 

h 

lout 

1 

1 

0 
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In  terms  of  actuaJ.  EU  signal  names,  the  overflow  condition 
becomes 

EUAUN  (Exponent  Unit  Adder  Underflow) 


=  EAY  •  EUU^  '  C^out 


where  C-out  is  the  carry  out  from  position  2. 


EUAOV  (Exponent  Unit  Adder  Overflow) 


=  EAY^  •  EUU,  •  C^  ^ 
1      1    2out 


The  logic  for  EUAUN  and  EUAOV  is  shown  on  Drawing  No.  212-03. 
They  each  cause  flip-flops  to  he  set  when  they  become  true.   Thus  once 
an  exponent  overflow  or  underflow  is  detected  it  will  remain  set  until  a 
CLEAR  signed  is  initiated. 
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2.12.6  EUL  Counter 

The  EUL  Counter  includes  a  registejr  for  storing  the  output 
of  the  adder  plus  auxiliary  logic  to  permit  the  contents  of  the  EUL 
register  to  be  incremented  or  decremented  by  either  units  of  1  or  2. 
In  the  execution  of  floating  point  addition  or  subtraction  the  exponent 
of  the  B-Operand  is  subtracted  from  the  exponent  of  the  A-Operand. 
If  this  difference,  DEXP,  is  zero,  no  shifting  is  required.   If 
DEXP  >  0,  then  the  fractional  part  of  the  B-Operand  in  the  UH-Register 
is  right  shifted  under  control  of  the  EUL  Counter.   The  counter  is 
decremented  (count  down)  by  2  until  DEXP  is  either  1  or  0.   Each  time 
the  counter  is  decremented  by  2  the  contents  of  the  UH-Register  are 
shifted  right  8  positions.   When  DEXP  =  1,  the  co\inter  is  decremented 
by  1  and  the  contents  of  UH  are  shifted  right  by  k   positions.   When 
DEXP  =  0,  the  shifting  ceases. 

Similarly,  if  DEXP  <  0,  then  the  fractional  part  of  the 
A-Operand  in  the  UQ-Register  is  shifted  right  under  control  of  the, 
EUL  Counter.   The  counter  is  incremented  (count  up)  by  2  until  DEXP 
is  either  -1  or  0.   Each  time  the  counter  is  incremented  by  2  the 
contents  of  the  UQ-Register  are  shifted  right  8  positions.   When 
DEXP  =  -1,  the  counter  is  incremented  by  1  and  the  contents  of  UH 
are  shifted  right  by  h   positions.   When  DEXP  =  0,  the  shifting  ceases. 

Note  that  at  most  only  one  right  shift  of  h   positions  is 
required  per  prealignment  operation.   If  DEXP  is  an  odd  number,  the 
shift  of  h   is  required;  if  DEXP  is  an  even  number,  the  shift  is  not 
required.   The  EUL  counter  is  therefore  somewhat  more  complex  than 
it  need  be  for  this  particular  application.   The  counter  does  not 
need  to  count  explicitly  by  1.   It  was  decided,  however,  to  implement 
a  complete  counter  since  the  cost  difference  was  small  and  since  the 
counter  might  be  useful  in  future  modifications. 

Storage  for  the  register-counter  is  provided  by  the  T.I. 
SNT^T^,  Dual  D-Type  Edge  Triggered  Flip-Flop  described  in  Figure 
2.12.6.1.   A  typical  position  of  the  register-counter  is  shown  in 
Figure  2.12.6.2.   The  register  is  loaded  from  the  output  of  the 
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logic 


TRUTH  TABLE  (Each   Flip-Flop) 


♦n 

♦n  +  l 

INPUT  D 

OUTPUT 
Q 

OUTPUT 
Q 

0 

0 

1 

1 

1 

0 

NOTES     1.  t^  =  bil  tima  befort  clock  pultt. 
2.  1^^.,    ^  bit  timt  oflir  clock  pulsa. 


Preset  Q 


GND  Q  Q  Preset 


Q  Q 

Preset    Clear 

D       Clock 


P 


T 


^ 


Q  Q 

Clear    Preset 

Clock        D 


^ 


T 


n 


m  1 '  I 

®  ®  ©  ®  ©  ©  ® 

Clock    D     Cleor    Vcc    Cleor     D    Clock 


positive   logic 

Low  input  to  preset  sets  Q  to  logical  1 

Low  input  to  clear  sets  Q  to  logical  0 

Preset  and  clear  ore  incJependent  of  clock 


description 


The  SN7474  is  a  monolithic,  dual,  D-type,  edge-triggered  flip-flop   featuring   direct  clear  and   preset  inputs  and   complementary  Q 
and   Q  outputs.   Input   information   is  transferred  to  the  Q  output  on  the  positive  edge  of  the  clock  pulse. 

Clock   triggering  occurs  at  a   voltage   level  of  the  clock   pulse  and   is  not  directly  related  to  the  transition  time  of  the  positive  going 
pulse.  After  the  clock  input  threshold  voltage  has  been  passed  the  data   input  (D)   is  locked  out. 

The    SN7474   dual   flip-flop   has   the   some   clocking    characteristics   as   the   SN7470    gated    (edge-triggered)   flip-flop    and    both    are 
ideally    suited   for  medium-   and  high. speed  applications.  The   SN7474    can    be    used   at  a   significant  saving    in   system   power   dissipation 
end    package  count  in  applications  where  input   gating   is   not  required. 


Figure  2.12.6.1  -  T.I.  Type  SNT^TU  Dual  D-Type 
Edge-Triggered  Flip-Flop 
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LDEUL 


ESj         EULj+i    EUL7       CFJP         EULj+i    EUL7     CPDWN 
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COUNT   UP 

LOOKAHEAD 

LOGIC 
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COUNT  DOWN 

LOOKAHEAD 

LOGIC 
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(-) 


(+) 


PRESET  CLEAR 

Q  SN7474   Q 


EULi         EULj 

NOTE:     (+)     DENOTES     A  QUIESCENT  LEVEL  OF    I. 
(-)      DENOTES    A   QUIESCENT  LEVEL  OF    0. 


Figure  2.12.6.2   -  Typical  Position  of  the  EUL  Register-Counter 
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adder,  ES,  by  activating  LDEUL.   Setting  of  the  SN7U7I+  flip-flop 
by  way  of  the  Preset  sjid  Clear  inputs  is  independent  of  the  clock 
pulse.   Note  that  the  time  output,  Q,  is  coupled  back  to  the  data 
(D)  input.   The  flip-flop  therefore  changes  state  each  time  the  clock 
(C)  signal  makes  a  positive  going  transition  (O  to  l).   On  the 
transition,  the  D  input  is  locked  out  when  the  signal  reaches  a  preset 
threshold.   This  property  prevents  a  race  condition  and  permits  the 
flip-flop  to  be  used  as  a  double  rank  (master-slave)  device. 

The  arrival  of  a  clock  pulse  to  a  flip-flop  is  dependent 
upon  the  CPUP  signal  (clock  pvilse,  up  count),  the  CPDWW  signal  (clock 
pulse,  down  count),  and  the  present  count  which  dictates  the  output 
of  the  count  up  or  count  down  lookahead  logic.   The  signals  CPUP  and 
CPDWN  are  defined  as  follows: 

CPUP  =   CP  •  EUCTRDIR 


CPDWN  =  CP  •  EUCTRDIR 


where 


EUCTRDIR  =  1  for  count  up, 
EUCTRDIR  =  0  for  count  down. 

Quiescently,  CP  =  0,  thus  CPUP  =  CPDWN  =  0  and  therefore  the 
C  (clock)  inputs  to  all  flip-flops  of  the  counter  are  at  logical  1 
(See  Figure  2.12.6.2).   Recall  that  the  flip-flop  is  triggered  by  the 
positive  going  trsjisition  of  the  clock  pulse  not  by  the  level,  per  se. 
Now  assume  that  EUCTRDIR  =  1  and  CP  =  1.   CPUP  therefore  becomes  1 
to  enable  the  count  up  lookahead  logic. 

If  the  true  outputs  of  all  positions  to  the  right  of  the 
ith  position  are  1  then  the  ith  position  will  change  state.   More 
specifically  if  c.  denotes  the  clock  input  to  the  flip-flop  of 
position  i,  then  the  equation 

C7  =  CPUP  •  EUL.  ,  •  EUL.  ^  .  .  .  EUL^ 
1  1+1      1+2  7 

is  satisfied.   EUL.  is  the  true  output  of  the  ith  position.   C.  drops 
to  logical  0  until  CPUP  is  returned  to  logical  1.   At  that  time  C. 
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makes  a   0  to  1  transition  changing  the  state  of  the  flip-flop. 
The  inputs  to  the  count-up  lookahead  logic  may  change  due  to  a  change 
of  the  flip-flop  from  which  they  are  derived,  but  by  this  time 
CPUP  =  0  and  the  lookahead  logic  is  disabled. 

The  operation  of  the  count  down  sequence  is  analogous  to 
the  coTint  up  sequence.   In  the  previous  paragraph  merely  replace  CPUP 


by  CPDWW  and  all  occurrences  of  EUL  by  EUL.   The  C"  inputs  to  the  EUL 
Counter  are  defined  as  follows : 

C  =  "C"  input  to  flip-flop  in  position  n. 

Note:   If  BYONE  =  1,  then  counter  increments/decrements  by  1,  otherwise 
by  two . 

C„  =  CP  •  BY0NE 


C.   =  EUL  -(CP  •  UP)  V  BY0NE  •  CP  v  EUL  •  (CP  •  DM) 


DWW) 


C      =   EULg-EUL  "(CP    •    UP)   V   EUL.    •    EUL      (CP 

C,     =   EUL^   EUL^   EUL^.(CP    •    UP)    v  EUL^   EUL^   EUL. • (CP    •    DWW; 
h  567  567 

C^   =  EUL,     .    EUL^    .    EUL.    •    EUL^- (CP    •    UP)   v   EUL,     •    EUL^ 
3  h  5  6  7    '  k  5 


EU' 


~.    •    EUL      (CP   •    DWN; 


C^   =   EUL^    •    EUL,     •    EUL^    •    EUL.    •    EUL^    (CP   •    UP) 
^34557 


V  EUL      •    EUL^    •    EUL      •    EUL^    •    EUL    • (CP    '    DWW) 

C  =  EULp  •  EUL   •  EUL^  •  EUL   •  EUL.  •  EUL   • (CP  •  UP) 

V  EUL  EUL  EUL,  EUL  EUL.  EUL   • (CP  •  DWN) 
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2.12.7  EUL  Coiinter  Condition  Detection 

The  EUL  Counter-Register  drives  logic  which  detects 
certain  conditions  necessary  for  the  alignment  of  the  fractional  part 
of  floating  point  operands.   The  details  of  this  logic  is  shown  on 
Drawing  Nos.  212-OU  and  212-05-   The  condition  signals  are  described 
in  Table  2.12.7.1. 
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2.12.8  PL/1  Description  of  Signal  Names 


/'^^PL/l  UESCRIPTKJN  UF 
UNIT  (EAU)*/ 

/^RFLEVAMT  DRAWING  NUMBERS:  212- 
DFCLARE  FUL  BIT<7) ;  / 
DECLARE  EUU  BIT{7);  / 
DECLARE  EUM  BIT(7) ;  / 
DECLARE  EAY  BIT(7);  / 
DECLARE  EUUSEL  BIT{7) 


SIGNAL  NAMES  RELEVANT  TO  EXPONENT  ARITHMETIC 


CP: 


l)FXPGE2  : 


UEXPGT13 


|)f  XPLFK2  : 


DECLARE  EUMSEL  BIT(7) 


DECLARE 

RETURN 

/*CLOCK 

PROCEDU 

DECLARE 

/-  EUCT 

/^= 
/^^ 

/- 


BYUN 

EUCT 
EUCT 
EULE 


IF 
IF 
IF 
IF 


IF(E 

EUCT 

IF(E 

EUCT 

DECLARE 

CUUNT  = 

IF  BYUN 

BYCIN 

BYUN 

BYUN 

bUL  = 

END; 

/*DIFFE 

PR{JCEDU 

DEXPGE2 

RETURN! 

END; 

/*DIFFE 

PROCEDU 

DEXPGTI 


RETURN 

END; 

/"J^DIFFE 

PROCEDU 

DFXPLEM 


(DEXP 
(BIT( 

PULS 
RE(EU 

(EUC 
RDIR 

E  =  1 

=  0 

ROV  = 

RUN  = 

Z  =  E 

N 

UCTRD 

ROV  = 

UCTRD 

RUN  = 

COUN 

EUL 

E  =•  1 

E  =•  1 

E  ='0 

E  ='0 

•1000 

RENCE 

RE  BI 

=  S 

&-^( 

DEXPG 

RENCE 

RE  BI 

3  =  S 

&(S 

1  S 

1(S 

(DEXP 

RENCE 
RE  BI 
2  =  - 
C-( 
IvEXPL 


GT13,DEXP 

1)  )  ; 

E  FOR  EAU 

CTRDIR»BY 

TRDIR,FUC 

=  EU  COUN 

=  C(JUNT 
=  COUNT 
EU  COUNT 
EU  COUNT 
UL  RE(;iST 
OTATION  = 
IR  =•  I'B) 
•  I'B; 
IR  =»0'B) 

•  I'B; 
T  FIXED  B 


01,-02t-03,-04,-05*/ 

'!'  EU  LOWER  REGISTER/COUNTER*/ 

*  EU  UPPER  REGISTER  */ 

*  EU  M  REGISTER  */ 

»  EXPONENT  ADDE.R  _•  Y  •  INPUT  _*/ 
;  /^OUTPUT  OF  SELECTOR  GATES 

FOR  EUU-REGISTER*/ 
;  /=!'  OUTPUT  OF  SELECTOR  GATES  FOR 

EUM-REGISTER  */ 
LTM13,DEXPGE2tDEXPLEM2)  ENTRY 


FOR 

COUNT  UP    */ 

FOR 

COUNT  DOWN  «/ 

*/ 

UP-DOWN  COUNTER  «/ 
ONEtEUCTROV»EUCTRUN  FULEZ) 
TROVtEOCTRUN,FULEZ,BYONE )  BIT(  1  ) 
TER  DIRECTION  =1 
=  0 
BY  ONES 
BY  TWOS     ' 

ER  OVERFLOW  (COUNT  >  63) 
ER  UNDERFLOW  (CGUNl  <  -64) 
ER  CONTENTS  =  ZERO  IN  EXCESS-64 

•  1000000' 

&  (EUL=  Lli  lA  1 1 1 ' B )  THEN      

&  (EUL='0000000'B)  THEN 


*/ 


IN; 


'B  L  EUCTRDIR  = 

'B  &  EUCTRDIR  = 

•B  &  EUCTRDIR  = 

'R  &  EUCTRDIR  = 


•O'B 
'I'B 
•O'B 


THEN 
THEN 
THEN 
THEN 


CUUNT  = 
CUUNT  = 
CUUNT  = 
COUNT  = 


COUNT 
COUNT 
COUNT 
COUNT 


OOO'B  THEN  EULEZ  =^1^B  ELSE  EULEZ  =^0«B; 

IN  EXPONENT  GREATER  THAN  OR  ECOUAL  2 
T  (  1  )  ; 

UBSTR(EUL,1,1)  /*  DEXP  POSITIVE 
SUBSTR(EUL,2,5)  =  'OOOOO^B;/*  -n=  0  OR  1 
E2)  ; 

IN  EXPONENT  GREATER  THAN  13   

T  (  1  )  ; 

UBSTR(EUL,1,1  )  />;'  DEXP  POSITIVE 

UBSTR( EULt2, 1 )  /*    >  31 

UBSTR(EUL,3,1 )  /«    >  lb 
UBSTR(EUL,4,3)  =  ^111  •B)  )  ;  /*   =  14  OR  15) 
GT13) ; 


+  1 
-1 
+  2 
-7. 


*/ 


«/ 

*/ 

*/ 

*/ 

*/ 


IN    EXPONENT    LESS    THAN    OR     EQUAL     TO    -2 
T(  1)  ; 

SUBSTR(EUL,1, 1 )  /*EUL  NEGATIVE  «/ 
SUBSTR(FUL,2,6)  =  '  mill 'B;/*  -.=  -1  */ 
Eh2)  ;  _  __..       .      _       


RETURN( 
END; 
I1EXPLTM13:     /^DIFFERENCE     IN    EXPONENT    LESS     THAN    -13 


«/ 
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PROCEDURt  BIT(l)j 

ObXPLTM13  =C-'SUBSTR(cUL,ltl)  /*bUL  NEGATIVE  */ 

r.(-SUBSTR(EUL,2,  1  )  /«  <  -32        «/ 

I  -Sl)BSTR(EUL,3,l))  /^    <  -16        «/ 

i  { SUBSTR(EUL,4,2)='00'B  /«  =  -\U,-\bj  «/ 
L^    SUBSTR(EUL»fe»2)=' 11 'B ) ) ;  /«  OR  -Ih       */ 

RETURN(DEXPLTM13) ; 

END; 


ftOFDli:  /*tXPL)N6NT    OF    A-OPERAND    TO    EUU-REG I STER*/ 

PROCEDURE; 

EUU=SUBSTR(V, 12»7) ; 

END; 
^r>FUM: /»EXPONENT  OF  B-OPbRAND  TO  EUM-REG I  STER»/ 

PROCEDURE; 

EUM=SUBSTR( V, 12,7 ) ; 

END; 
i)A:  /^EXPONENT    UNIT    ADDER.     INCLUDES    OVEREKJW    DETECT.*/ 

PROCEDURE  IEUM.EUU»ES,EUDIFF,EUAOVtEUAUN) ; 

OCL  (EUM,EUU,ES)  BIT(7),  EUDIFF  BIT(1)» 


(EUAOV,EUAUN)  BIT(l),  EAY  BIT(7),  C  BIT(7); 
/=*=EUM,EUU   ARE  REGISTERS  PREVIOUSLY  DEFINED  «/ 
/=;=ES  IS  EXPONENT  ADDER  SUM  OUTPUT  */ 
/*EUDIFF  IS  M'B  IF  DIFFERENCE  OF  EXPONENTS  IS  TO  BE 

FORMED;  IS  'O'B  OTHERWISE  */ 
/*EUAOV  =  EXPONENT  UNIT  ADDER  OVERFLOW  */ 


/*EUAUN  =  EXPONENT  UNIT  ADDER  UNDERFLOW  */ 

/*C  IS  A  TEMPORARY  STRING  USED  TO  STORE  CARRIES  */ 

/^IMPLEMENTED  WITH  T.I.  I.C.  NOS :  SN7482N  AND  SN7483N  */ 

IF(EUDIFF  =  M'B)  THEN   EAY=  ^EUM   ELSE  EAY  =  EUM; 

SUBSTR(C,7t 1 )=FUDIFF; 

DO  1=6  TO  1;  11=  I+l;  /*  CARRY  RIPPLE  */ 


SUBSTR(C,I ,1)  =  SUBSTR(EAY, I  1,1 )&SUBSTR(EUU,II,1)  I 
SUBSTRIEAYt 11,1 )&SUBSTR(C, 11,1)    I 
SUBSTR( EUU, II,1)&SUBSTR(C,II,1)   ; 
EUAGV=   SUBSTR( EUU, 1,1 )  6  SUBSTR ( EA Y , 1 , 1 )  & 
SUBSTR (C,l,l) ; 

EUAUN=  ^SUBSTR(EUU, 1,1 )  &-SUBSTR ( E A Y, 1 , 1 )  L 

-SUBSTR ( C, 1, 1) ; 
/*NEED  TO  COMPLEMENT  CARRY  INTO  POSITION  1  IN  ORDER 

TO  PRODUCE  EXCESS  64  RESULT,  THUS:  */ 
S0BSTR(C,1, 1 )=-SUBSTR(C,l,l ) ; 
ES=(EAY&-EUUl-EAY&EUU)&-C  I 

(EAY&EUU  |-.EAY&-EUU)&C; 


RETURN; 
END; 
JLDEUU:    /*  EUL-REGISTER  DIRECT  TO  EUU-REGI STER*/ 
PROCEDURE; 
EUU=EUL; 
END;  


MXDEUM:    /*EUX  REGISTER  DIRECT  TO  EUM  REGISTER  */ 

PROCEDURE; 

EUM=EUX; 

END; 
XDEUX:     /-EXPONENT  OF  X  (ARGUMENT  OF  POLY)  DIRECT  EUX  REGISTER)  */ 

PROCEDURE; 


EUX=SUBSTR(V,12,7); 
END; 
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LDEUL:      /*LUAO  bUL  R^GI STER-COUNTFR  »/ 

PROCEDURE; 

EIJL  =  ES; 

bNIJ; 
LDEUM:      /^=LUAU  EUM  REGISTER  */ 

PRUCEUURE; 

EUM  =  EUMSEL; 

END; 
LDEUU:      /*  LUAD  EUUSHL  INTO  EUU-REGISTER  «/ 

PROCEDURE; 

fcUU=EUUSEL; 

END; 
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2.13  Control 
2.13.1  General 

The  control  of  the  arithmetic  units,  implemented  in  a  pseudo- 
asynchrcnous  fashion,  is  based  on  the  concept  of  control  steps.   A  con- 
trol step  consists  of  two  stages:   the  sequence  stage  followed  by  the 
task  stage.   The  distinction  between  the  sequence  and  task  stage  is 
somewhat  anaJ-Ogous  to  the  distinction  made  between  the  fetch  and 
execute  cycles  of  a  central  processor  control  unit.   In  further  defining 
these  stages  consider  first  the  task  stage.   Here  action,  conditional 
upon  status  conditions,  is  performed  on  the  processing  hardware;  i.e. 
flip-flops  are  set,  gates  operated,  counters  incremented,  so  as  to  move 
data.   The  sequence  stages  are  interleaved  with  the  task  stages.   Within 
the  sequence  stage  the  decision  is  made  as  to  which  task  stages  to  next 
initiate. 
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2-13.2    Task  Stage  Logic  (Control  Point) 

This  section  describes  the  logic  associated  with  the  task 
stage  of  a  control  step.   This  group  of  logic  is  also  referred  to  as 
a  control  point. 

First  consider  the  block  diagram  of  typical  task  stage  logic 
as  shown  in  Figure  2.13.2.1.    The  sitlTo  (sTg)  line  is  given  by  the 
adjacent  sequence  stage  logic.   When  this  line  drops  to  "O",  the  memory 
element  is  set  and  the  task  logic  is  said  to  be  primed.   When  this  line 
returns  to  "l",  and  if  Enable  is  "l"  then  the  DO  signal  becomes  "l" 
allowing  the  task  signals  to  be  operated  subject  to  the  appropriate 
external  conditions.   The  return  of  the  S^G  lihe  to  "l"  is  said  to  initiate 
the  task  stage  logic. 

The  signal  DO  from  the  memory  element  box  is  one  input  to  the 
conditional  task  logic.   The  other  inputs  are  external  conditions  appropriate 
to  the  task  stage.   Typical  examples  of  these  conditions  are  outputs  of  the 
instruction  variant  decoder,  the  contents  of  a  register  equal  zero,  or  the 
output  of  status  flip-flops. 

The  DO  signal  also  activates  the  reply  generation  logic.   In 
most  cases  the  reply  is  generated  by  an  internal  delay  element  which, 
after  a  selectable  duration,  resets  the  memory  element  thus  turning  off 
the  task  element.   The  delay  element  provides  a  timing  model  of  the  actual 
task.   In  some  cases  an  external  reply  is  available.   In  many  cases  all 
tasks  of  a  given  task  step  will  require  about  the  same  interval  of  time. 
In  this  case  a  single  timing  model  will  suffice.   If  this  is  not  the  case, 
then  multiple  models  are  provided  and  activated  conditional  upon  which 
tasks  have  been  enabled  by  external  conditions.   The  outputs  of  the  timing 
model  must  be  logically  combined  to  produce  a  "l"  to  "O"  drop  on  the 
Reset-Advance  (rIa)  line  when  all  tasks  have  been  completed.   The  R^ 
signal  may  therefore  be  a  function  of  DO,  external  conditions,  and 
external  replies.   The  R=r line   dropping  to  "O"  resets  the  memory  element 
which  turns  off  the  task  signals.   The  R-A  signal  drives  the  next  sequence 
stage  logic  which  in  turn  primes  and  initiates  the  next  task  stage. 
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EXTERNAL   CONDITIONS 


5ET-G0 


ENABLE 
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MEMORY 
ELEMENT 


DO 


RESET   ADVANCE 


CONDITIONAL 

TASK 

LOGIC 

REPLY 
GENERATION 


-►TASK. 


>TASK. 


-►TASK, 


EXTERNAL  REPLIES 


-►  INPUT  TO  SEQUENCE  STAGE  LOGIC 


Figure   2.13.2.1     Block  Diagram  of  Task  Stage  Logic    (Control  Point) 
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Figure  2.13.2.2  Block  Diagram  of  Sequence  Stage  Logic 
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EXTERNAL  CONDITIONS 


.    TASK   LINES 
*►    TO    GATES, 
•►   FLIP-FLOP, 
ETC. 


RESET- 
^ ADVANCE 


SET -GO 


TIMING     DIAGRAM  : 


DO 
ENABLE= 1) 

B 


INPUT    THRESHOLD 


R  SET-ADVANCE 


Figure  2.13.2.3 


Most  Elementary  Task  Stage 
Configuration 
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Figure  2.13.2.U 


-Multiple  Set-Go  Inputs  to  Memory 
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2 . 13 . 3  Sequence  Stage  Logic 

The  sequence  stages  are  interleaved  between  task  stages.   Within 
the  sequence  stage  the  decision  is  made  as  to  which  task  stage(s)  to 
next  initiate. 

The  most  elementary  example  of  sequence  stage  logic  is  merely 

a  wire  from  the  Reset-Advance  output  of  one  task  stage  connected  to  the 

Set-Go  input  of  the  next  task  stage.   In  this  case,  the  two  tasks  \incondi- 
tionally  follow  one  another. 

Figure  2.13.3.1  illustrates  the  hardware  and  operation  of  a  two 
way  branch.   The  conditions,  a  and  3,  determine  where  the  R-A  pulse  from 
the  previous  task  is  directed.   Note  that  these  must  be  set  prior  to  the 
arrival  of  the  pulse.   It  is  generally  not  advisable  that  a  or  B  be  deter- 
mined by  actions  in  the  task  stage  which   generates  the  R-A  pulse  which 
they  steer.   Furthermore  note  that  for  a  conditional  branch,  at  least  one 
condition  must  be  true.   The  fourth  R-A  p\ilse  in  Figiore  2.13.3.1  illustrates 
this  case;  since  a  =  6  =  0,  the  pulse  is  lost  and  the  control  sequence 
hangs -up. 

Notice  that  the  a  or  B  signals  in  Figure  2.13.3.1  cannot  be  used 
as  wait  signals,  i.e.  to  delay  continuation  of  control  until  an  asynchronous 
condition  is  true. 

Figure  2.13.3.2  illustrates  a  way  in  which  a  wait  condition  may 
b  e  implement  ed . 

In  some  cases  it  may  be  required  that  an  external  control  signal, 
for  exBjnple  from  another  unit,  initiates  successive  task  stages.   In  general 
the  arrival  time  of  this  signal  is  unknown.   The  example  given  in  Figure 


:he  transition  of  R-A  from  1  to  0  and  back  to  1. 
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a   AND    ^     ARE    BRANCHING    CONDITIONS 
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Figure  2.13.3.1  An  Example  of  Sequence  Stage  Logic 
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Figure  2.13.3.2  -  Implementation  of  WAIT  Condition 
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2.13.3.3  illustrates  how  this  may  he  done  using  wait  logic  as  in  Figure 
2.13.3.2  and  the  ENABLE  input.   There  are  no  internal  reply  generation 
logic;  the  reply  is  generated  when  g,  the  gate  control  signal,  drops. 
This  logic  is  actually  nothing  more  than  wait  logic.   The  control  point 
reply  is  generated  one  delay  after  g  becomes  1  hut  the  R-A  signal  waits 
for  g  to  again  be  0. 

The  wait  logic  may  also  be  used  to  interlock  two  or  more  parallel, 
independent  control  chains.   The  design  task  here  is  to  make  the  S-  G 
signal  to  the  next  task  stage  wait  until  all  of  the  parallel  tasks  are 
complete.   Figure  2.13-3.^  illustrates  an  example  of  interlocked  control 
chains.   The  Reset  to  the  last  task  stage  of  each  chain  is  delayed  until 
the  reply  from  all  of  the  task  stages  is  received. 

The  scheme  in  Figure  2.13.3.^  assumes  that  when  one  control  chain 
is  activated,  then  so  is  the  other,  i.e.  that  eventually  both  replies  will 
be  generated.   Now  consider  two  parallel  chains,  one  which  is  always  acti- 
vated and  another  which  is  activated  if  same  condition  a  is  true. 

If  a  =  1,  then  both  chains  are  activated  and  the  reply  from  the 
last  task  stage  of  CHAIN  A  is  complemented  by  the  exclu£ive-OR  gate,  i.e. 
the  exclusive-OR  performs  the  same  function  as  the  inverter  in  CHAIN  B.   If 
a  =  0,  then  CHAIN  A  will  not  be  activated  and  therefore  the  reply  signal,  a, 
will  remain  at  1.   If  this  signal  were  coupled  to  an  input  of  the  NAND 
gate  merely  by  an  inverter,  this  input  would  remain  at  0  and  the  R-A  signal 
wo\ild  not  be  generated  even  when  the  reply  from  CHAIN  B  arrived.   When  a  =  0 
and  a  =  1,  the  exclusive-OR  circuit  produces  an  output  at  C  of  1,  thus  in  a 
sense  produces  a  pseudo  reply  to  NAUD  .   The  R-A  pulse  will  then  be  produced 
when  the  reply  from  CHAIN  B  arrives.   Note,  however,  that  a  must  remain  set 
throughout  the  execution  of  CHAIN  B.   An  example  of  this  approach  is  shown 
in  Figure  2.13.3.5- 
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g  =  external  signal  of  following  form 


■(  y 


T   is  unknown, although  greater  than  several  propagation  delays, 
A  is  greater  than  time  required  to  perform  task  designated  by  j 

Example:   Load  X-Register  on  first  g  pulse; 
Load  Y-Register  on  second  g  pulse. 
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Figure  2.13.3.3  -  Control  Logic  Sequenced  by  External  Signal 
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Figure  2.13.3.5  -  Interlocking  Two  Parallel  Control  Chains  -  One  Unconditional. 
One  Conditional 
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2.13.^  Reply  Gene rati 


on 


In  most  cases  reply  signals  indicating  that  a  task  is  complete 
are  generated  by  delaying  the  DO  signal.   The  delay  is  accomplished  by 
the  logic  shown  in  Figure  2.13.^.1-   The  following  is  design  information 
on  this  configuration,  taken  from  a  memo  of  October  22,  1968,  by  J.  L. 
Divilbiss. 

Figure  2.13.U.2  is  a  simplified  representation  of  NMD  gate  II 
in  Figure  2.13-^-l  and  the  equivalent  circuit  used  in  this  analysis.   Now 
assume  that  the  input  (a)  is  at  zero  volts  for  several  time  constants 
(analysis  the  same  even  if  V   =  +.h)    and  furthermore  assume  an  input 
threshold  of  1.^  volts,  the  midpoint  of  T.I.'s  \ancertainty  range  of  .8 
to  2  V.   Consider  case  1  for  which  C  =  100  pF,  R  =  8K.   Therefore, 


Y^^   =  3.33V.,    R^^  =  2.6TK,  and 
\  =  ^TH  (1  -  e-^/^^THC)^ 

Delay   ends  when  V     =  threshold   =  l.U,   thus   1.1+  =     ^     (l  -  e"^^^^™^)) 
^  3 

t   =    .51+5  X  2.67  X  10^x10  =  1U5  ns. 


For   case   2. let    C  =  100  pF,   R  =  i6k  and  thus   V^„  =  h  v.    and  R^„ 

in  in 

3.2K.   By  a  similar  derivation 


t  =  138  ns. 

Note  that  from  case  1  to  case  2.R  wa's  increased  from  8K  to  16k 
but  that  the  delay  time  increased  only  slightly.   The  recovery  time  (the 
time  for  C  to  discharge)  has,  however,  doubled.   The  recover  time  is  deter- 
mined solely  by  R  and  C.   About  four  RC  time  constants  will  discharge  C 
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Figure  2.13.U/l  -  Delay  Element  for  Eeply  Generation 
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Figure  2.\'i.\h.  -   Equivalent  Circuit  for  Analy- 


sis 
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sufficiently  to  avoid  interaction  between  ptilses.   This  fact  argues 
strongly  that  R  should  be  made  as  small  as  possible  consistent  with 
waveform  distortion.   Empirical  tests  have  indicated  a  design  center 
value  of  8.2K  with  upper  and  lower  limits  of  12K  and  6.2K. 

With  R  =  8.2K,  the  following  holds: 

Delay  -    1.5  ns/pF 

Variation  for  +  .5v  in  V   -  +  15^ 
—        cc   — 

Variation  between  IC  packages  -  +  15^ 
(Sample  of  seven) 

Variation  due  to  change  of  R  in  the  range  6.2K  to  12K  is  j^  8%. 

For  the  circuit  shown  in  Figure  2.13.^.2,  approximately  12 
delay  times  must  elapse  between  input  pulses  to  avoid  interaction.   If 
this  constraint  hinders  performance  it  may  be  greatly  reduced  by  the 
addition  of  a  diode  as  shown  in  Figure  2.13.^.3.   The  USD25  is  an  HP 
hot  carrier  device  with  a  low  fon^rard  drop.   With  the  addition  of  the 
diode,  it  is  necessary  to  allow  3  delay  times  between  input  pulses. 

Figure  2.13.^.^  illustrates  a  variation  of  Figure  2.13.^.1. 
This  configuration  delays  the  "0"  to  "l"  transition  rather  than  the  "l" 
to  "O"  transition.   Note,  however,  that  if  the  diode  is  used  to  enhance 
recovery,  this  second  configuration  is  not  recommended  since  it  severely 
loads  the  IN  signal. 

Having  looked  at  these  electronic  delay  elements  in  some  detail, 
we  now  consider  their  use  in  reply  generation.   In  many  cases  only  one 
timing  model  and  thus  only  one  delay  element  is  necessary  for  a  given 
task  stage.   In  other  cases  one  of  several  timing  models  is  selected 
depending  upon  which  tasks  at  a  particular  task  stage  are  selected. 
Figure  2.13.^.5  illustrates  a  scheme  which  will  meet  this  requirement 
provided  only  one  timing  model  is  enabled  at  a  time.   If  more  than  one  is 
enabled,  the  shortest  delay  will  predominate.   This  is  generally  not  the 
performance  wanted. 
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Figure  2.I3.U/5  -  Selectable  Timing  Models 
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When  more  than  one  timing  model  is  activated,  the  reset-advance 

pulse  should  not  he  generated  until  the  replies  from  all  timing  models 
are  received.   Figure  2.13.^.6  illustrates  a  scheme  which  will  meet  this 


requirement.   The  signal  R-A  drops  to  0  when  all  replies,  R  through 
R  are  "l".   For  all  timing  models  which  are  not  enabled,  the  reply  is 
immediately  set  to  "l".   For  all  timing  models  which  are  enabled,  the 
reply  R  will  go  to  "l"  after  the  delay  time  injected  by  the  timing  model. 

Another  scheme  for  handling  multiple  timing  models  has  been 

suggested  by  L.  Goyal.   Let  R.  be  the  output  of  the  i   delay  element. 

Once  DO  =  "l",  R.  =  1  after  time  A..   Now  order  the  numbering  of  the 
1  1 

delay  elements  such  that  a  higher  number  denotes  a  longer  delay,  i.e. 

for  delay  element  i  with  output  R.  and  delay  time  A. ,  if  j  >  k  then 

A.  >  A,  .   Let  E.  be  the  task  enable  signal  associated  with  A.  and  R. . 
J    k        1  ^  11 

Let  the  maximum  subscript  (number  of  delay  elements)  be  denoted  n. 


Then 


Reset-Advance  =  R  v  E   R  ^ 
n    n   n-1 

V  E    E  ,    R  ^ 
n    n-1    n-2 


V  E  E   ,  .  .  .  E_  R, 
n  n-1        2  1- 

We  have  derived  priority  logic;  the  timing  model  with  the  longest  delay  of 
those  selected  is  the  one  used  to  produce  Reset-Advance. 
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2.13.5  Control  Logic  Layout 

The  control  logic  is  implemented  with  Texas  Instruments 
T^OON  Series  IC  logic.   Two  etched  boards  have  been  designated  and 
are  illustrated  in  Figures  2.13. 5 •!  and  2.13.5.2.   These  two  boards 
and  the  auxiliary  timing  model  board  will  constitute  the  bulk  of  the 
task  stage  logic.   Sequence  stage  logic,  task  condition  logic,  and  any 
reply  generation  logic  other  than  a  single  delay  element  will  be 
implemented  on  wirewrap  connector  boards.   This  board  provides  facilities 
for  2^1,  dual  inline  packages  (l4  or  l6  pin)  and  includes  hk   card  edge 
pins  which  mate  with  connectors  on  the  mainframe. 
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Figure  2.13.5.1  -  Control  Point  Card,  Version  A 
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Figure  2.13.5-2  -  Control  Point  Card,  Version  B 
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